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INTRODUCTION 
The process of mutation has long created interest in 
genetic study since these variations are considered the ulti­
mate source of genetic variability and evolutionary change 
within a population. A mutation may be defined as any change 
in the genetic structure which results in an observable pheno-
typic change and is normally inherited. More restrictive 
definitions have confined mutations to permanent alterations 
in the structure of the gene (DMA)» thereby eliminating gross 
chromosomal rearrangements and position effects that may be 
transmitted in a Mendellan manner. 
Heritable changes in higher organisms are usually classi­
fied as true mutations when other alterations such as defi­
ciencies, duplications, chromosomal rearrangements and position 
effects have been eliminated. Therefore, it is difficult to 
demonstrate unequivocally that a specific heritable change is 
confined to the structure of a specific gene. It may be another 
type of alteration beyond our power to resolve. 
Initial interest in one class of changes termed unstable 
loci or mutable genes resulted from one of the many difficulties 
encountered in mutation studies in higher organisms. The rate 
of mutation at most loci is so low that the large populations 
required to study mutation become impractical for most higher 
organisms. Attempts have been made to increase the rate of 
mutation by the use of mutagenic agents such as chemicals. 
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various types of radiations and other severe changes in en­
vironment. However, the use of many of these agents results 
in gross, destructive changes to the genome and their relation 
to "spontaneous" mutations cannot be definitively defined. 
An unstable locus is characterized ly an extremely high 
rate of change relative to other loci in the genome under 
normal environmental conditions. Because of the herltabillty 
of these changes in gene activity, they were first considered 
to be mutations. 
However, since changes at unstable loci are often at least 
three or four orders of magnitude more frequent than any reason­
able estimate of the general frequency of errors in DNA replica­
tion, regulatory systems might be involved whose normal opera­
tions are in some way altered (Fincham, 1970). 
The current hypothesis presumes mutable genes are normal 
dominant alleles suppressed by elements, not structural genes 
themselves, present in the genome but not permanently altered 
by them. Changes in gene expression occur by the removal or 
partial removal of suppression of the controlled gene. 
Both mutation and regulation may be used in describing 
mutable genes. Events occur at mutable loci that result in 
stable, self-replicating chromosomal changes and are mutations 
in effect, although they may differ in origin from the rare 
mutations of other loci. They are extraordinary only in their 
high frequency and in the control of their occurrence by the 
rest of the genome. 
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The present study is concerned with the investigation of 
a derivative mutable allele, designated r-pa-pu)^ ^t the ^  
locus on chromosome five in maize, derived from another mutable 
allele, 1511)^ under the control of the Enhancer system 
of mutability (Peterson, I960, I968). Experiments were designed 
toi (1) elucidate the elements controlling mutability of the 
^^m(r-pa-pu) allele, (2) isolate and characterize germinal 
mutations of this allele, and (3) recover and characterize 
changes in the element(s) controlling mutability of this allele. 
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LITERATURE REVIEW 
Introduction 
The concept of the gene though long a mystery was finally 
elucidated "by the revelation of the DNA double helix as the 
basis of heredity (Watson and Crick, 1953)* The Importance of 
this discovery was many-fold and among the areas that were 
clarified was the concept of mutation. With the DNA. double 
helix and its appropriate base pairs determining the structural 
and code sequence, it was relatively easy to envision changes 
of many types that would lead to alterations in the functioning 
of particular genes. Thus following this momentous discovery, 
it was necessary then to complete the details of the myriad 
forms that mutations can take (Drake, 1970» Watson, 1970). 
Over a period of years since that discovery, varied changes 
in the linear sequence of DNA. leading to mutations have been 
explained by such events as base substitution, frameshifts, 
deletions, duplications, and rearrangements (Drake, 1970). In 
most instances, these represent single events that are recovered 
among individual progeny at the rate of approximately 2 x lO"^ 
per DNA. replication (Drake, 1970). Represented among the sig­
nificant and typical studies that have clarified the bases 
for these mutation events are those with the lac (Beckwlth and 
Zipser, 1970) and tryptophan synthetase loci (Yanofsky et al,, 
1964» Yanofsky et al,, 1967) as well as other loci in bacteria 
(Drake, I97O). 
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Not readily explainable among these varied molecular 
mechanisms is a type of mutation found in higher organisms 
that is generally placed under the heading of unstable genes. 
The features that set these types apart from mutations associ­
ated with known molecular changes (Drake, 1970) are nonperma-
nent alterations of the DNA base sequence and restricted di­
rection of mutation from recessive alleles to dominant or 
intermediate alleles. 
A natural consequence to the revelation of the varied DNA. 
changes associated with mutation was the analysis of the 
functionality of a particular code sequence. This was clearly 
presented in a complete form by Jacob and Monod (I96I), Their 
proposal offered an explanation of the control smd regulation 
of the genetic complex of an organism. Though the focus of 
their experiments involved Escherichia coll. they extended 
their proposal to other organisms. One particular study in 
higher forms was singularly appealing in support of their 
hypothesis. This was the work on controlling elements which 
in a manner similar to the Jacob-Monod model controlled and 
regulated gene functioning (McClintock, I96I). 
This review considers both the instability and the control 
of gene function phenomena. 
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Mutable Genes 
Somatic variation or variegation is a frequently observed 
phenomena that is characterized by differentiated cell types 
in a single tissue. Several early workers demonstrated that 
this somatic variation could be inherited. De Vries (I91O) 
studied the genetic behavior of variegation in the flowers of 
Antirrhinum, the "snapdragon". The flowers were white or 
yellow, with red stripes, resulting in variegation with changes 
of the recessive to the self red condition. On a variegated 
plant the size of the red stripes varied and sometimes included 
an entire branch. The flowers on these red branches on self-
pollination gave three red to one variegated. De Vries sug­
gested that some "t^pe of segregation was occurring so that the 
self color element (allele) was separated from the element re­
sponsible for the variegated phenotype. 
Correns (I9IO) found that seeds from a red sector of 
variegated red and white Mirabilis, the "four o'clock", could 
produce red plants in the following generation. He emphasized 
the change in somatic tissue from homozygous variegated to 
heterozygous variegated but recognized that the stable reds 
arising from variegated plants were inherited in a Mendelian 
fashion. 
In a study of variegated pericarp in maize Emerson (1914) 
demonstrated that variegation resulted from somatic mutation 
of a colorless allele (?^) to a dominant colored allele 
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in Brink's terminology (Brink and Milan, 1952)). Emerson ob­
served that the earlier the mutational event occurred during 
plant development the more likely it would be inherited in 
the resulting progeny ear. In later work Emerson (1917» 1929) 
recognized several forms of variegation and the genetic factor 
for variegation mutated to the factor for self-color In only 
one of the two alleles in homozygous variegated plants. He 
suggested that modifying genes were linked to the gene 
which influenced the rate of mutation. 
Mutable genes in ^ osophi^ 
Mosaic phenotypes in Drosophlla have usually been attrib­
uted to position-effect variegation (Lewis, 1950» Baker, I968) 
rather than mutable genes as found in plants. 
Demerec (1941) reported four mutable genes in Drosophila 
vlrills; "reddish body color" (re), "magenta eye color" (m) 
and two alleles of "miniature wings" (mt-3 and mt-5). Each 
mutant was discovered immediately after its origin from the 
wild type. Reversions to stable wild type in re-a (a desig­
nates a mutable allele) flies only occurred in the maturation 
divisions of females which were heterozygous for re-a and one 
of its recessive alleles. As the age of the female increased, 
the frequency of reversions to wild type decreased (Demerec, 
1928). The two unstable alleles at the miniature locus were 
identical with regard to mutability and existed in three 
states (Demerec, 1928); mt-a was unstable in both germinal 
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and somatic tissue, mt-b was stable and mt-o was unstable in 
somatic cells but stable in germinal cells. All three states 
were stable during the first eight cleavage divisions immedi­
ately after fertilization and all three states mutated to each 
other at low, but variable rates. 
Mutability of the mt-c allele was not significantly 
affected by a temperature change of 10nor was mutability of 
the mt-a and mt-c alleles significantly affected by X rays 
(DemereCf 1932, 1934), Four genes were isolated which in­
creased the somatic mutability of mt-a and mt-c (Demerec, 1929» 
1941). S-1, S-3 and 8-4 were all dominant while 8-2 was reces­
sive and all were located in autosomes. A fifth autosomal 
gene, M, increased mutation in only the germ line of mt-a 
flies. 
Cytological studies were made of mt-3a and mt-3c flies and 
no chromosomal aberrations were found (Demerec, 1941). Position 
effect was then assumed not to account for these cases of 
instability. 
Kutable genes in ^icotiana 
Variegation of flower color due to mutable alleles at 
the V locus was recovered after hybridization between 
Nlcotiana langsdorffii and ^  sanderae (Smith and Sand, 1957» 
Sand, 1969). The original stable V allele which expresses a 
solid red corolla phenotype was postulated to have given rise 
to two mutable alleles, Vg and Vg. Three main classes of 
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phenotypes are expressed "by the mutable alleles: when 
homozygous, Vg conditions a speckled phenotype which consists 
of scattered small clusters of red cells on a colorless back­
ground; when heterozygous with Vg, expresses a sectorial 
phenotype which consists of frequent sectors of speckled 
tissue in a background of solid red; Vg when homozygous ex­
presses a rare sectorial phenotype which consists of rare 
sectors of specldLed tissue in a solid red background. It was 
hypothesized that Vg, which conditions a colorless phenotype, 
mutates to Vg which gives a solid red phenotype similar to the 
expression of V, late in the development of the corolla re­
sulting in a speckled appearance while Vg mutates to v^ earlier 
in development to give the sectorial appearance. Mutations of 
the Vg and Vg alleles occur in both somatic and germinal 
tissue. 
Several studies to determine environmental effects on 
mutable genes as compared to the same effects on stable genes 
have utilized the mutable alleles at the V locus as well as 
the stable R locus (H gene conditions red anthocyanin pigmenta­
tion in the epidermal cells of petals; individuals of ^r 
genotype have purple anthocyanin) (Sand, 1957; Sand, Sparrow and 
Smith, 1960; Sand, 1961, 1962; Sand and Smith, I968), Plants of 
Vg/Vg, E/r genotype were exposed to different levels of chronic 
gamma irradiation (Sand et al., I96O). The frequency of Vg to 
Vg somatic mutation was measured by the number of specldLed 
sectors while the frequency of E to r somatic mutation was 
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measured by the frequency of purple sectors. The frequency of 
germinal mutations of Vg and R was estimated "by determining 
the number of recessive individuals in the progenies of selfed 
irradiated plants. In controls with no irradiation, speckled 
sectors were 100 times more frequent than purple sectors. 
The somatic response for the mutable gene was about 10 
times greater than the R gene response for the low dosage range 
of chronic gamma irradiation while the somatic response for the 
two genes was similar at higher dosage ranges. The germinal 
response was similar for the stable and mutable genes and 
showed that there was an increase in the frequency of recessive 
individuals in progenies of irradiated plants as compared to 
nonirradiated controls. With acute gamma irradiation both 
genes showed a somatic mutational hypersensitivity at low 
total doses although the absolute deviations from linearity 
were small for the R gene which had a lower average mutation 
rate. 
In similar experiments it was found that both R and v^ 
increased in somatic mutation over an increase in temperature 
from 50° to 80®P (Sand, 1962). The germinal mutation rate of 
Vg increased with the increase in temperature but no signifi­
cant temperature effect on germinal mutation of the H gene 
was found. 
A new mutable allele, e•, arose from the dominant E 
allele in a mutable v stock (2 is a stable allele of a gene 
for extension of anthocyanin pigmentation to the backs of the 
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petal tubes and to the floral tube. Homozygous e/e individuals 
have flowers with colored faces but with pigment absent in the 
lobebacks and tubes.)(Sand, 1971). 
The e* allele has the phenotypic expression of e and 
mutates to a stable E expression. On the basis of the reces­
sive e* allele mutating to frequent stable dominant alleles. 
Sand suggested that the control of mutability at the E locus 
in Nicotiana may be related to controlling elements in maize* 
Mutable genes in Delphinium a.lacis 
Demerec (1931) studied two mutable genes in Delphinium 
a.iacis. The rose-alpha gene mutated somatically and germinally 
to a purple allele. It was determined that the gene mutated 
at approximately the same rate during 12 cell generations in 
the development of the sepals. !Ehe lavender-alpha gene mutated 
to a purple allele at a high rate early in the development of 
the plant, however, in the sepals and petals it mutated at a 
low rate or was stable during early development and toward the 
end of sepal and petal development, the mutability changed to 
a high rate. 
More recently Dawson (1955» 1964) studied a mutable 
allele (g*^) at the D locus that affects flower color in 
Delphinium a.iacis. presumed one of the same genes studied by 
Demerec (1931). The 2,* allele with a pink phenotype is unstable 
in the presence of a dominant activator, and mutates in somatic 
and germinal tissue to a dominant (g^) (blue) and to a 
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recessive (2.) (pink) • The mutants derived from 2.* are 
stable while some of the 2 mutants are stable and others re­
acquired instability, especially during sexual reproduction. 
The mutation 2%te per 2;* allele per cell division is similar 
in homozygotes and heterozygotes for £*. A number of differ­
ent states of £* were recovered which differ in the pattern of 
mutation to and 2 during the development of the sepals. A 
newly arisen mutable gene, was isolated from a £*£* stock. 
The allele expresses a yellow-green foliage phenotype and 
mutates to fully green sectors. On the basis of the presence 
of alleles with different mutability patterns, mutation to 
both stable and unstable alleles, and the instability in the 
presence of a dominant activator Dawson (1964) suggested that 
control of mutability at these loci was analogous to the con­
trolling element systems in maize. 
A mutable gene in Antirrhinum ma .jus 
The mutable pallida-recurrens (pal^^^) allele at the 
pallida (pal) locus has been studied in Antirrhinum ma.jus 
(Harrison and Fincham, 1964, I968; Pincham and Harrison, 1967), 
Plants homozygous for pal^®^ or heterozygous for nal^®^ and one 
of several recessive alleles exhibit cyanic flakes and spots 
against an ivory or yellow background in the flowers and 
against a green background in the stem and cotyledons. Ger­
minal mutations also occur. Different stocks of gal^®® plants 
show different frequencies of somatic and germinal mutation. 
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At least part of this variation was found to be due to modi­
fiers at other loci. One such modifier, designated stabilizer 
(St), which is not linked to the pal locus has been found to 
be semidomineuit. The mutation frequency of pal^^^ is about 
20 times greater with St/st than with St/St and about 20 times 
greater again with st/st. Sectors were found In St/st plants 
showing the mutability characteristic of st/st which suggests 
that St itself may be mutable. A pal^^^ stock which exhibited 
a characteristic and constant rate of somatic and germinal 
mutation at 25°C exhibited a lower rate of mutation when the 
plants were cultured at 15°C. By alternating Individual plants 
between the 15°C and 25°C envirozments during their development 
it was shown that the timing of mutations could be controlled 
by manipulation of the temperature at which the plants were 
cultured. The degree of mutability at a given stage of devel­
opment was dependent on the environment prevailing at that 
stage. 
Among the germinal mutations of pal^^^ are several alleles 
which give inteimediate phenotypic expressions as well as wild 
type alleles. Many of the germinal mutations appeared to arise 
in clusters suggesting pre-meiotic mutational events. Some of 
these derived alleles are stable and not affected by tempera­
ture changes between 15° and 2<°C while some are unstable and 
suppressed at 25°C. Biochemical analysis of the pigment con­
tent of the flowers indicated that all of the alleles derived 
from -pal"^^^ produce the same anthocyanin, cyanidin ^-rutinoslde. 
14 
bat the amount varies from allele to allele. On the "basis of 
two classes of alleles derived from the gal^®® allele (those 
which are affected "by temperature changes between 15°C and 
25°C and those which are not% it was hypothesized that there 
are two mutable components of the pal locus. The first is a 
regulator which sets the level of activity of the gene and 
which is relatively insensitive to temperature although it 
responds to gradients of various kind within the flower to 
produce characteristic stable patterns, and the second is a 
mutator element which is highly sensitive to temperature, 
A mutable gene in Glycine mm? 
Hecently a mutable allele at the Y locus which controls 
the production of chlorophyll in the soybean, Glycine max, has 
been described (Peterson and Weber, 1969). The mutable Y™ 
allele is dominant with a green phenotype and mutates to the 
wild type, Y, which is stable and green and to the recessive, 
22, which is yellow and lethal when homozygous in the seedling 
condition. These two phenotypes, Y and 2* ooour as somatic 
mutations, which are expressed in the leaflets as yellow areas 
within green tissue, and germinal mutations are recovered. 
Mutability is autonomously controlled at the Y locus and states 
of instability were found which differed in the time and fre­
quency of the mutational events. This case of instability was 
exceptional in that a dominant allele, Y®, mutated to a reces­
sive form, 2, which is in contrast to the usual condition with 
15 
mutable genes where a recessive allele mutates to a dominant 
allele. 
Mutable genes in maize 
Mutable genes have been studied more extensively in maize 
than in any other pleuit. Since many mutable loci studies in 
maize are involved with anthocyanin biosynthesis in the 
aleurone of the maize endosperm a short review of the genetic 
control of anthocyanin biosynthesis in the aleurone is 
appropriate. 
The dominant alleles of the complementary genes 
C^, Cg and H must be present for anthocyanin to be produced in 
the maize aleurone (Emerson, Beadle and Fraser, 1935» Briggs, 
1966). The fi locus is compound consisting of at least two inde­
pendent genie elements: (P) determines anthocyanin pigmenta­
tion of certain plant tissues and the pericarp and (S) deter­
mines anthocyanin pigmentation of the endosperm and embryo 
(Stadler, I95I). A dominant allele of C^, designated In­
hibits; anthocyemin synthesis in the aleurone. 
Other genes Influence the intensity or nature of the pig­
ment, With the aleurone color is purple but with gr it is 
red in genol^es capable of pigment production. Two genes, 
Bn^ and bn^ (brown aleurone), control the formation of a pale-
yellow pigment in the aleurone layer which is masked by purple 
or red pigments (Briggs, I966), The recessive gene intensifier, 
in, greatly Increases the quantity of pigment in the aleurone 
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(Briggs, 1966), Rhoades (1952) reported that when the 
bronze-1 (bz^) allele is homozygous the aleurone of kernels 
of A2A2C B Pr Tjzj^ genotype have a strong "bronze-like coloration 
"but when £r is substituted for ^  (A^A^C R pr bz^) the kernels 
are a lighter bronze. 
Reddy and Coe (I962) proposed a gene action sequence for 
the metabolic pathway of anthocyanin synthesis in the aleurone 
as follows* C^-C^-C_-E-In-A^-A_-Bz^-Bz_-anthocyanin. This 
sequence was based on a series of cross-feeding experiments 
where pieces of developing aleurone tissue carrying different 
recessive genotypes involved with anthocyanin synthesis were 
pressed together in pairs and observations made on which member 
of complementing pairs produced the pigment. Kirty and Styles 
(1970) also proposed a similar gene action sequence. Their 
results were based upon the detection by thin layer chroma­
tography of specific flavonoids associated with the recessive 
alleles of anthocyanin determining genes and the order of these 
flavonoids in a basic pattern of flavonoid biosynthesis pro­
posed by Harbome (1967). 
Coe (1955) found that R â2&2 accumulated 
leucoanthocyanidin which has a close chemical relationship to 
anthocyanin. Reddy (1964) has shown that the dominant alleles 
of A^, C^, Cg, and R are needed for leucosmthocyanidin produc­
tion and the ^  and genes have similar effects on both 
anthocyanin and leucoanthocyanidin indicating a close bio-
synthetic relationship between the two compounds. 
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The investigations of mutable genes in maize can be 
divided among those that fit into systems of mutability and 
taiose which do not. Among the latter, there have been studies 
at numerous loci. At the r locus on chromosome 10 Pogel 
(1950a) recovered four similar but independent mutations from 
a single parent carrying the r®^ allele (H® - colored seed, 
green plant; ^  - colorless seed, colored plant; r® - color­
less seed, green plant; r^^ is similar to r^ in phenotype 
except in the presence of n extends purple pigment to peri­
carp). These newly derived alleles were unstable^ phenotypi-
cally r® and mutated to alleles indistinguishable from the 
parental r®^ expression. Control of the mutability was 
thought to reside at the r locus itself and altered states of 
mutable alleles which differed in the time and frequency of 
mutation were recovered (Pogel, 1950^»). 
The mutable stippled allele, which expresses a 
phenotype of full colored dots with a odorless background in 
the aleurone and green plant color was first reported by Emer­
son et al. (1935)* Ashman (i960) isolated two forms of the H®'' 
allele; (light) differs from in having a reduced fre­
quency of colored spots in the aleurone. Ashman demonstrated 
that plants carrying the allele contain a modifier (M®^), 
located 5*7 crossover units distal to the r locus; is 
absent in the R®'*' (light) allele. R®"^ and R®^ (light) mutate 
to alleles expressing full color (R®^—^R^®) and to colorless 
or near colorless aleurone (H^5—^r(nc) ). 
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McWhlrter and Brink (I962) hypothesized the allele 
consists of an E® allele (self-colored aleurone, green seed» 
p 
ling) in Gonjianction with an inhibitor, I , that suppresses 
E® pigment-producing action. I® functions only when present 
in the cis position with the B® allele. Mutation to full 
color (R^-—>B®®) could occur by transposition of I® from 
to another site in the genome permitting full action of 
the B® allele. 
Ashman (I965) recovered ^3 r(nc) mutations in the 
progenies of plants heterozygous for (self-colored aleurone, 
red plant) and B®^. Thirty-s even of these mutants were recom­
binant for outside markers and 35 of these received the 
proximal marker from the B^ chromosome and the distal marker 
from the chromosome. Ashman suggested these mutants arose 
through the removal of the structural gene component of the 
RSt allele crossing over. 
Kermicle (1970) found that approximately one-third of the 
germinal full colored (R^®) mutations of the R®^ allele were 
associated with recombination of outside markers. Kermicle 
hypothesized that since the B^^ allele is composed of a pig­
menting determinant, now designated So. in conjunction with 
an inhibitor, I®, B^® alleles contain only Sc. The B®® alleles 
result from the I® component of the B®^ allele being separated 
from the pigmenting determinant, So, by crossing over. 
Ashman (1970) hypothesized that if all B®® mutants had 
g 
lost i and could be designated Sc - and if all r(nc) mutants 
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R R had lost So but some had retained ^ , designated - I . then 
hétérozygotes of R®® and these r(nc) mutants should yield 
. T> 
progeny as a result of crossing over between Sc and I . 
It was found that all R^® mutants tested in R®®/r(nc) hetero-
zygotes yielded progeny but only certain r(nc) mutants, 
those presumed to contain I®, yielded R®^ progeny. In each 
S t 
case plants with the reconstructed R allele were recom­
binant for outside markers. 
Sastry and Kurmi (1970) described a mutable r allele which 
produced dark spots on a colorless or lightly pigmented back­
ground in the aleurone. This mutable R^ allele, when test-
crossed, showed segregation of spotted, uniform dilute, dark, 
and colorless phenotypes in the progeny. The dark type had 
the same phenotype as expressed by the R^ allele. It was 
postulated that there were two dominant modifiers, one, Spf« 
reacting with ^  which caused spotting and the other, Dll, 
diluted the noimal phenotype of Tests indicated Spf was 
able to activate the a^^"^ allele in the presence of 
the regulatory element, 8pm, exhibits colored dots in a color­
less background in the aleurone; in the absence of Spm. ag®"^ 
expresses dilute pigmentation) of the Spm system (McClintock, 
1958) which demonstrated a functional similarity of Spf and 
Spm. It was also found that the R^ allele can maintain its 
sensitivity to the modifiers only if they remained in the same 
nucleus with R^. Once the nucleus was freed from the modifiers 
by melotic segregation ^  lost this sensitivity and could not 
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regain it. 
KcWhirter (I969, 1971a. 1971b) recently described another 
mutable system involving the r locus. In this system an ele-
T> 
ment, designated and located independently of the r locus, 
when present with any R allele tested, results in aleurone 
variegation which consists of irregular colorless areas in a 
colored background. If Ac^ is not present in the nucleus in 
two or three doses no variegation is produced and the aleurone 
expresses the uniform E phenotype. The variegated phenotype 
appears to result from a loss of pigmenting capacity in tissue 
Qiat is capable of aleurone pigmentation which is the opposite 
of most mutable systems where the variegation results from a 
gain of genetic expression in tissue which is genetically in­
active, No germinal mutations of the B allele were recovered 
H P in the progenies of Ac containing plants. Ac^ was found to 
be pollen transmitted at a markedly reduced frequency while 
ovule transmission was slightly reduced. It was suggested 
that the variegation resulted from an interaction between the 
Ac^ element and a component situated at or near the S locus. 
All H alleles appeared to have this latter component which 
may be a basic E gene, element responsible for regulation of 
gene action of the S locus. 
An alteration of the Ac^ factor was recovered as a somatic 
ear sector of a plant of E®/R^ Ac^/»-genotype. The altered form 
p 
of Ac when present with an B allele produced a variegated 
aleurone which consisted of small pigmented areas on a color­
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less background. This new Ao^ had a suppressor-mutator effect 
in contrast to the original form which had an irregular sup­
pressor effect. 
At the Cq. locus located on chromosome nine a mutable 
allele arose in a single kernel on an ear segregating for 
c and 2JX (Schwartz, i960). The kernels containing this allele, 
designated were characterized by mutations to color (C) and 
colorless (c); both were stable. Mutability was autonomously 
controlled and both somatic and germinal mutations were re­
covered. Three states or forms of c^ were reported; those 
which gave late, intermediate, and early mutations. The late 
state was characterized by small areas of color in an other­
wise colorless aleurone. Germinal mutations rarely occurred. 
The intermediate state produced larger mutant areas and fre­
quent single germinal mutations were recovered. The early 
state was characterized "by a high frequency of germinal muta­
tions which often occurred in clusters. Among the progeny of 
c™ plants mutations to c were four times as frequent as c^ 
to C mutations. No chromosomal aberrations were found related 
to the mutability of c®. 
Numerous mutable alleles have been reported at the a^^ 
locus located on chromosome three, Richardson (1956, 1959) 
has described a mutable allele, a^^, that arose from the 
^ allele in the testcross progeny of a plant of ^  /a^ Dt/Dt 
p 
genotype (the a^ allele exhibits pale purple aleurone, red 
brown plant color and dominant brown pericarp). The 
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allele expressed pale aleurone which mutated to deep colored 
and colorless sectors. The plant color produced "by was 
reddish-"brown and mutated to create stripes of deep purple and 
brown while the pericarp was dominant brown and mutated to 
produce red sectors. Germinal and somatic mutations from pale 
occurred at high frequencies to kernel types with deeper and 
with lighter levels of pigmentation. Changes in mutation fre­
quency often occurred jointly with changes in level of pigment. 
The stable mutations of were grouped into four classes: 
I, deep aleurone, red pericarp; II. pale aleurone, dominant 
brown pericarp; III. colorless aleurone, recessive brown peri­
carp; IV. colorless aleurone, dominant brown pericarp. Thus 
mutational events occurred which affected both the aleurone 
and pericarp and others which affected the aleurone but: not 
the pericarp. It was suggested that separate genie units at 
controlled the mutability, aleurone, and perlcarp^character-
istics. It also was found that a second element, located in­
dependently of the locus, influenced mutability of the 
p 
allele, Nuffer (1962) also reported a mutable a^ allele, 
designated that arose from an a^^^ allele independently of 
the allele but mutated in a manner similar to 
Neuffer (I963) isolated a single exceptional dilute kernel 
with full colored dots from a testcross of the compound 
allele at the a^ locus. A^ contained a and ^  components 
(Laughnan, 19^9) and it appeared in this case that the ^  compo­
nent may have changed to an unstable recessive form ^ , while 
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the a component remained unchanged. The gçg_™ complex ex­
pressed the a phenotype (dilute aleurone color, red brown 
plant color) until mutated to give sectors of the dominant 
phenotype (full colored aleurone, purple plant color). Con­
trol of this mutability was at the a^ locus. The compo­
nent was separated from the eg™ complex by crossing over and 
the recombinant had a recessive phenotype (colorless 
aleurone, brown plant color) with frequent sectors of pheno­
type. In one exception mutability had left 2 appeared at 
a to produce Another instance was isolated where muta­
bility appeared at both a and to produce Kernels ex­
pressing this complex were colorless with dots of both dilute 
(a) and of full color (g.). The changes occurred Independently 
at a and g_; each had its own particular frequency and pattern. 
At the ^  locus on chromosome six Bollinger (1957» 1959) 
studied a mutable system involving a yellow mosaic kernel 
characterized by yellow sectors in a white background in the 
endosperm that was recovered in the progeny of a ^  x YY cross» 
Plants grown from such mosaic kernels had pale green tissue 
with numerous dark green sectors. This mutable pale green 
allele was found to be allelic to piebald-1 (pb^) and desig­
nated pb°^. The mutable white allele was designated The 
obP and alleles were inherited as a unit in linkage tests. 
Germinal mutations of jr™ were recovered as uniform yellow 
endosperms and plants grown from these endosperm mutations 
exhibited a uniform dark green phenotype. Thus it appeared 
2h 
that and mutated simultaneously to dominant alleles. 
Tests confirmed that the control of mutability is located at 
or near the unit. Cytological studies indicated no 
chromosomal aberrations related to the y^pb™ unit. 
Sager (1951) studied a mutable allele which arose from a 
Wz allele on chromosome nine in a plant of WxWx genotype, 
(The wx locus conditions the type of plant starch produced; 
Wx plants produce a mixture of amylose and amylopectin 
molecules while wx plants produce a starch which consists 
entirely of amylopectin.) The mutable wx allele, designated 
wx'°. expressed a wx phenotype in the endosperm until muta­
tions to Jite occurred resulting in mosaic kernels. The wx°^ 
allele produced germinal mutations at a high frequency but 
no wx germinal mutations were recovered. Mutability was 
autonomously controlled at the locus and different patterns 
of mutability resulting from altered times and frequencies of 
mutations were isolated. 
Forty Independent germinal mutations to lite were assayed 
for percent amylose content and all were found to approximate 
closely the range found in field populations of the Vte allele. 
No new intermediate alleles were recovered as mutations of the 
wxP allele, Cytological studies indicated chromosomal aberra­
tions were not correlated with the wx^ allele. 
Mutable alleles have been isolated at other loci in maize. 
Mangelsdorf (1955» 1958) has isolated several mutable genes in 
derivatives of maize-teosinte hybrids but none of the genes 
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ooxild be assigned to a known locus. Mutable alleles have 
been reported at the gr locus on chromosome five, c^ on 
chromosome four, and sh^ on chromosome nine (McClintock; 
1965a), bz_ on chromosome one (Nuffer, 195^®) » B on chromosome 
two (Singleton, 1949), on chromosome two (Robertson, I969)» 
vp^ on chromosome five (Robertson, 1957), Kl^ on chromosome 
seven (Coe, I963) as well as numerous examples involved in 
chlorophyll production (McClintock, 1951a» Smith, I96O; 
Peterson, i960, 1964). 
The Ac-Ds System 
The most extensive and illuminating studies of mutable 
genes have been conducted with the controlling element systems 
in maize. Controlling elements are genetic elements that 
regulate the activity of structural genes. With some mutable 
genes, the element at the gene locus acts autonomously and 
induces gene expression. With other mutable loci mutability 
depends on systems of two elements. One, at the gene locus, 
designated the controlling element, responds to the second, 
designated the regulator, and located at another site in the 
genome, by controlling gene action. Several significant fea­
tures of controlling elements have been elucidated: (1) The 
controlling elements are not usually located at a permanent 
site in the genome, but change positions within the chromosome 
complement without chromosomal rearrangement. 5y means of 
this process, transposition, these elements are relocated to 
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new sites where they control the activity of the gene located 
at this new position. (2) Changes of the controlled gene are 
usually from the inactive recessive to fully active dominant 
or partially active intermediate alleles. These changes are 
inherited in subsequent cell and plant generations. (3) The 
change from the recessive to dominant may "be associated with 
the removal or suppression of the element at the gene locus. 
(4) Each two-element mutable system is specific; a controlling 
element only responds to a specific regulatory element. 
The Ac-Ds system is a two-element system and its dis­
covery and elucidation have contributed toward determining a 
general hypothesis for the action of all controlling elements. 
Inception of Initial control 
The Ac-Ds system was first recognized in the course of an 
experiment designed to reveal the genie composition of the 
short arm of chromosome nine (McCllntock, 19501 1951a-) • About 
450 plants which contained an inverted tandem duplication of 
the complete short arm of chromosome nine in one homologue and 
a terminal deficiency in the short arm of the other homologue 
were self pollinated. When the altered segments were involved 
in crossing over dicentric chromatids were produced. This re­
sulted in bridges formed in the following anaphase followed 
by a recurrent chromatid type breakage-fus 1 on-bridge cycle 
which continued into the gametophytic division (McCllntock, 
1939» 19^1 ) ' When a zygote received a broken chromosome nine 
2? 
from each parent the ends fused, a dicentric chromosome formed, 
and the chromosomal type of "breakage-f us ion-bridge cycle was 
initiated» In the telophase nuclei the fusions now occurred 
between the broken ends of chromosomes rather than sister 
chromatids leading to chromosomal aberrations (McClintock, 
19^2) • The chromosomal breaJkage-f us ion-bridge cycle continued 
through the early development of the plants, then ceased and 
the chromosome stabilized, Cytological analysis revealed that 
during the process many chromosomal aberrations had occurred 
involving chromosome nine as well as the heterochromatic knobs 
and centromeres of other chromosomes (McClintock, 1951a). 
Among the progeny of these 450 self-pollinated plants a 
locus was found in the short arm of chromosome nine at which 
chromosome breaks occurred in somatic cells. This locus was 
designated Ds. Cytological analysis of Ds plants revealed that 
the breakage event was often followed by fusion of the sister 
chromatid ends to fonn a dicentric chromatid and acentric 
fragment at anaphase (McClintock, 1951a)» The acentric frag­
ment was composed of the two sister chromatids from the Ds 
locus to the end of the short arm. The complementary dicentric 
component included the sister segments from the locus to the 
centromere plus the long arms of the two sister chromatids. 
The subsequent breakage-fusion-bridge cycle caused additional 
alterations in the short arm. Other chromosomal aberrations 
were revealed involving the short arm of chromosome nine and 
in each case one breakage point was at the location of Ds. It 
28 
was found that the breakage events which occur at the Ds 
locus were expressed at a particular time and frequency during 
development. 
These breakage patterns were similar In time and frequency 
to the mutation-producing events at some of the 40 separate 
mutable loci which also first appeared as a consequence of the 
chromosomal breakage-fusion-bridge cycle (McCllntock, 1950)« 
There would have been no reason to suspect that Ds breakage 
events were connected with events at the mutable loci except 
that there was a similarity in timing and frequency. This 
observation was a major factor in first relating Ds with the 
unstable gene loci. Furthermore, changes at the Ds locus were 
isolated which resulted in marked alterations in frequency of 
the breakage events in future cell and plant generations. Such 
changes in the behavior pattern of ^  were called "changes in 
state" of Ds (McCllntock, 1950). Similar changes were found 
in the mutation frequency at several of the mutable loci. 
The Ds locus was located by linkage tests just proximal to 
the waxy locus on the short arm of chromosome nine. This 
genetically determined location fitted the position of breaks 
in chromosomes observed cytologlcally in plants containing Ds. 
In further tests Ds appeared at more than 20 new positions on 
the short arm of chromosome nine as well as other chromosomes 
in the genome (McCllntock, 1951a)» In some cases it could be 
established that the appearance of Ds activity at a new loca­
tion was associated with its disappearance at the known former 
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location. These changes In location of Ds were termed trans­
positions and cytological analyses indicated that the appear­
ance of Ds at new locations in some instances could be associ­
ated with the breakage inducing mechanism of Ds and subsequent 
chromosomal rearrangements. 
Among 4000 kernels in one particular testcross, one 
transposition of ^  appeared in a single gamete of a plant 
carrying chromosomes nine with the dominant Ç allele at the 
c.^ locus that was particularly significant since it elucidated 
how new mutable loci can arise. The transpositional event re­
sulted in an exceptional kernel that expressed sectors of ç 
phenotype (full color) in a colorless (c) background. Ds was 
found by linkage tests to be located at the c^ locus and the 
chromosome that contained Ds at this new position appeared to 
be morphologically normal in appearance. When Ds, as indicated 
by breakage events, was present Ç activity was suppressed but 
in the absence of Ds, as indicated by the absence of breakage 
events, Ç activity was restored. The restored Ç expression 
was permanent and usually the restoration event did not result 
in an altered chromosome nine. The behavior of the mutable c^ 
allele (c^"''') was hypothesized as resulting from the insertion 
of the chromatin composing Ds adjacent to the locus which 
suppressed £ expression until the subsequent removal of Ds 
which allowed C activity (McClintock, 1950)• 
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Pro-pertj.es of Activator, Ac 
It was discovered that Ds events required the presence of 
a dominant second factor. Activator (Ac) (McClintock, 1951a). 
In the absence of ^  neither breakage events nor loss of Ds 
occurred with the allele at the c^ locus; Ds was stable. 
The presence of ^  was revealed in testcrosses of plants homo­
zygous for Ds and dominant endosperm gene markers. Two types 
of kernels appeared in the testcross progeny in approximately 
equal numbers; those which expressed no Ds activity as indicated 
by the stability of dominant phenotypes of the marker genes and 
those that expressed Ds activity by exhibiting a variegated 
phenotype for the marker genes. The latter contained Ac and 
the former did not. ^ was found to be inherited as a single 
unit in a Mendelian manner and like ^  could transpose from 
one chromosomal position to another. To have an effect upon 
Ds. Ac only had to be present in the same genome with Ds, not 
at any particular location. ^ had a dosage effect, the more 
Ac*s that were present the later the response of Ds and trans­
positions of Ac itself (McClintock, 1950, 1951a), 
Control of the time of occurrence during plant or kernel 
development of responses of ^  and of transpositions of Ac 
resided in the ^  element. Mutations of ^  have been isolated 
which affect modifications in time of occurrence of such re­
sponses, in the frequency of responses, and in the effect pro­
duced by increased doses of the mutant Ac. ^ also controlled 
alterations (changes of state) of Ds itself (McClintock, 1951a)' 
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McClintock (1964, 1965a) demonstrated that ^  could under­
go changes in phase of activity from active to inactive and 
back to active. Two mutable loci, and wa^"*^ (autonomous 
^ at the wx locus), were introduced into the same plant. When 
Ac was absent or inactive, produced lightly pigmented 
plant and aleurone color, and exhibited an intermediate 
level of Vx gene action. Both alleles produced kernel sectors 
with higher and lower levels of gene expression when an active 
Ac located at wx*^"*^ was present. The inactive ^  was first 
detected in the progeny of a single plant originating from a 
kernel containing an active ^  at the wx"^"*^ locus. Occasional­
ly ^  became active producing a sector where both a^^"^ and 
wx"^"'^ again mutated to different levels of gene expression. 
In an inactive phase ^  could not Induce responses of Ds 
nor could it contribute to dose effects or undergo transposi­
tion itself. However, an Inactive ^  could still control the 
pattern of gene expression where it resided. 
Mutable loci of the Ac-Ds system 
The çp-1 allele was the first mutable allele to be studied 
of the Ac-Ds system (McClintock, 1950, 1951a)» Originally the 
state of Ds of the c™~^ allele was one that produced many de­
tectable chromosome breaks at this locus and few mutations to 
C, Subsequently, in the presence of Ac. changes of the state of 
Ds occurred as single mutational events in somatic cells which 
resulted in fewer or no detectable chromosome breaks but a high 
frequency of mutations to C in subsequent cell and plant gen­
erations. If the mutational event occurred early enough in 
plant development to be included in the germ line it could be 
recovered as an exceptional kernel or ear sector in the progeny 
of plants. A series of altered states of c™"^ was re­
covered, each with a particular relation between the two events 
at c®-^. 
Two independent inceptions of control by the Ac-Ds system 
at the bronze locus (bz^) on chromosome nine were recovered 
(Bz.  deep red or purple aleurone and plant; bz^, bronze color). 
These two cases, bz™"^ and bz°^~^, arose in plants containing 
Ds and ^  and behaved similarly to c®"^ (McClintock, 1951a)* 
A second independent inception of control was found at the 
locus among descendants derived from self-pollinations of one 
of the original plants that had undergone the chromosomal 
breakage-fusion-bridge cycle (McClintock, I95O, 1951a)• The 
new mutable allele, designated c®~^, was derived from a Ç 
allele and was initially isolated in kernels that showed 
colored areas in a colorless background. Mutations occurred 
at that resulted in a series of alleles that expressed 
intermediate levels of pigmentation. Some of these derived 
alleles were not stable and mutated to alleles expressing 
higher or lower levels of pigmentation. Breakage events also 
occurred at c™"^. 
On an ear of c°^"^/c, Wx/wx genotype an exceptional kernel 
appeared which showed mutations from wx to and towards the 
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Wx phenotype. The allele, designated behaved similarly 
to c^"'^ in response to ^  and mutated to a series of inter­
mediate alleles that produced amounts of amylose ranging from 
less than one percent of that produced by normal Wx to 
approximately the same amount as ^  (McClintock, 19^9» 1951b). 
It appeared that in the presence of Ac transposition of 
Ds to stable fully active gene loci could initiate mutability 
controlled by the Ac-Ds system. This hypothesis was tested 
by determining whether two selected stable loci, a-j^ on chromo­
some three and ag on chromosome five, could be brought under 
the control of the Ac-Ds system (McClintock, 1953)» Plants 
homozygous for A^ and Ag and containing ^  and Ds located on 
chromosome five were pollinated by a^ and a^ testers. From a 
total of 71 ears from the cross to the a^^ tester one kernel 
appeared variegated in aleurone color and was found to be due 
to inception of control by the Ac-Ds system . Prom 120 
ears three kernels from crosses with the a^ tester were var­
iegated and one was found to be controlled by the Ac-Ds 
system (a ™^"^). 
Control by Ac alone 
Transposition of Ac to the bronze (bz^) locus on chromo­
some nine initiated direct ^  control of gene action at this 
locus without the presence of Ds at the locus (McClintock, 
1956a), The mutable allele, designated bz^^"^, arose from the 
bz^ allele and was Isolated as an exceptional kernel in the 
3^ 
progeny of a plant of Ac I Ds Sh Bz Wx /shbz wx genotype. The 
initial expression following this transposition was the bz^ 
phenotype -until mutations occurred to dominant Bz^ expression, 
stable recessive bz^ expression, and intermediate levels. 
Prom the bz^^^"^ allele, l6 germinal mutations to Bz^  were 
recovered, 14 of which proved to be stable in the presence of 
Ac (McClintock, 1956b). Eleven of the 14 germinal Bz^ muta­
tions were found to be associated with the removal of ^  from 
the bz^ locus. Of the 11 plants derived from the selected Bz^ 
kernels, six did not contain Ac while in the other five cases 
Ac had transposed to new locations. Two of the I6 germinal 
BZj^mutati ons were unstable and ^  was close to the bz^ locus 
in both cases. Three subsequent stable germinal Bz^ mutations 
of this allele were tested and in each case the stability was 
associated with the removal of ^  from the bz^ locus. 
Thirty-three germinal mutations of bz^™"^ to stable bz^ 
were recovered (McClintock, I962). These included 13 cases 
where ^  was no longer present, six cases were ^  had trans­
posed from the b^ locus to another chromosome, and 14 cases 
where ^  was still located on chromosome nine {two were close 
to the bz^ locus). Again it was demonstrated that mutations 
of the bz_™~^ allele were correlated with the removal of Ac 
from the bz^ locus. 
Three independent mutational events were recovered in 
bz^^"^ stocks where ^  had transposed away from the bz^ locus 
but a Ds-like element remained (McClintock, 1955» 1956b, I962). 
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A l l  three exhibited a stable bz^ expression in the absence of 
Ac; in the presence of ^  mutations to higher alleles of 
occurred. McClintock (1955) postulated that these apparent 
inceptions of the Ac-Ds two-element system of control could 
have arisen from the substitution of a Ds element for the Ac 
element at the bz^ locus, or the original ^  may have been a 
compound AcDs element, or the Ds element originated through 
a modification of the element. 
Autonomous Ac control was also recovered at the wx locus 
wx°^"^) (McClintock, 1965a), In two derivatives of the 
wx"^"^ allele inceptions of an apparent Ac-Ds twc-element 
system of control were recovered (McClintock, I963). 
Relationship of Ac and Ds 
McClintock (1965a) has suggested that ^  and Ds could 
have a common origin. Both Ds and ^  are able to suppress 
gene action and change in state, while transpositions of Ac 
occur simultaneously during development with responses of Ds 
to an active Ac (McClintock, 1965a). An inactive A^ element, 
although unable to induce transposition itself, can undergo 
transposition in response to an active In this respect 
an inactive ^  shows a resemblance to Ds and it was suggested 
that Ds may have resulted from a mutation of ^  that altered 
its ability to revert to an active phase. The change that 
occurred from an apparent one-element system of control of 
gene action (Ac alone) to a two-element system of control 
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could, also have resulted from a mutation of ^  to Ds. How­
ever no evidence of the origin of an ^  element through the 
mutation of a Ds element has been obtained (McClintock, 1965a). 
The En-I System 
The En-I system is another two-element mutator system 
and was originally isolated as a pale green mutable allele 
(ppp) by E. G. Anderson among corn exposed to irradiation of 
the Bikini atomic bomb test (Peterson, I96O). Two distinct 
mutant l^ypes appeared in addition to the normal green (Pg). 
One was a mutable pale green seedling characterized by 
numerous green stripes (Pg) and the second was a pale green 
seedling (pg^) with only an occasional stripe. Among the 
segregating pg™ seedlings there were various patterns of 
mutability that were distinguishable by the time and frequency 
of the mutational events (gg—>Pg). These patterns based on 
inheritance tests were controlled by changes at the locus. 
The seedlings represented the stable-type pale green 
allele and possessed only an occasional stripe of mutability. 
It was found that and plants appeared with the normal 
green plants in three distinct ratios in segregating Pg Proge­
nies of outcrosses of heterozygous mutable (+/pg™) plants. 
These progenies represented three classes: (1) three 
green to one pg^. (2) 12 green to three pg™ to one pgS, and 
(3) three green to one nongreen; the nongreen including mostly 
pg^ but accompanied by a low and irregular frequency of pg^. 
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It was hypothesized that two components controlled muta­
bility in the vp^ system (Peterson, I96O). An inhibitor ele­
ment (I) located at the gg locus suppresses the expression of 
the dominant allele (Pgl) and results in the pale green 
phenotype ; a second element, designated Enhancer (En), removes 
or inactivates I from the locus which allows the Pg allele 
to be expressed^ This mutation event is restricted to definite 
times and stages in plant development. The recovery of green 
seedlings among the progenies of homozygous mutable pale green 
plants (pg°^) is an indication that germinal mutations occurred. 
On the basis of the type of segregation of gg and the varied 
location of En, Peterson identified three classes: ^ at the 
2£ locus (designated Pgl,^ or - class 3) or independently 
of the locus (Pg% + En- class 2). In the absence of En 
the allele (Pgl or pg^ - class 1) was stable and recessive 
to P£. 
In crosses of mutable plants whose mutability was con­
trolled ^ located at the 2£ locus numerous progeny were 
identified in which segregated independently of the 2£ 
locus. Peterson (I96O) explained these events as a consequence 
of the transposition of ^  from the gg locus to another loca­
tion in the genome. Further crosses confirmed that these 
progeny contained Bn located independently of the gg locus. 
The presence of rare small sectors of mutability in other­
wise stable plants indicated mutability can be induced at 
a stable (pg^) allele. 
IS 
It was shown that temperature affected the rate of 
mutation of the allele (Peterson, 1958). Plants grown 
at 28°C exhibited a significant increase in the rate of 
mutation of to Pg as compared to plants grown at 16°C. 
This was in contrast to other studies of the temperature 
effect on mutable alleles where an increase in temperature was 
accompanied by a decrease in mutation rate (Rhoades, 19^1; 
Paberge and Beale, 1942). 
Among outcrosses of a new mutant, designated pg^°, 
was isolated (Peterson, I96O). This mutant was allelic to ppf^ 
and seedlings of pg;^° contained heavy, indistinctly outlined 
mutant stripes. There appeared to be a high frequency of 
germinal mutation of to Pg. The control of mutability of 
resided at the locus. In the heterozygote, r>g°^°/pg^, 
the seedlings were pale green and stable (no green stripes) 
indicating the pg^ allele completely inhibited the expression 
of the allele. It was also found that the ^  factor 
also inhibited the expression of the allele. 
Other mutable loci of the En-I system 
A mutable allele at the ^  locus was recovered in a pale 
green mutable stock (Peterson, 195^• I96I). This allele, 
designated a^^, originating in a stock containing the A^ 
allele, is characterized by a colorless phenotype in both the 
aleurone and sporophytlc tissue until mutations of the a^^™ 
allele to ^  (full color) occur. In the original allele 
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mutability was autonomously controlled at the a^ locus. In 
definitive tests it was shown that the factor controlling mu­
tability at the §0^® allele also caused to be mutable, a^™ 
belonged to the gi system since and shared the same 
controller of mutability. Accordingly, based upon the dogma 
of the specificity, Peterson (I96I) reasoned that transposition 
of ^  and 1 from the pg locus to the locus occurred in the 
origin of a^°^. 
Prom the original mutable pattern, designated 
(a dense appearance of the pattern of mutability in the aleu-
rone), other patterns of mutability determined by the time and 
frequency of mutational events were derived. Tests indicated 
that both I and ^  have distinct and varied forms or states 
which could alter the pattern of mutability (Peterson, I962). 
The final pattern was determined by the particular ^  and I 
present and the interaction between them. 
Among the progeny of these autonomous alleles color­
less derivatives were recovered. ^ had transposed from the 
locus to another location in the genome. One type,desig­
nated responds to the presence of ^  by expressing muta­
bility whereby in the absence of expresses a color­
less phenotype in the aleurone; the other type of exceptional 
derivative was designated since it is nonresponslve 
to the presence of (Peterson, I961). Additional deriva­
tives from included alleles which express full color as 
well as various levels of intermediate pigmentation. 
One particular derivative allele, designated pa-pu) ^ 
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mutates somatically and germinally to pale, colorless, and 
purple pigment in the aleurone (Peterson, 1970a). Peterson 
demonstrated that ^  is coupled with the a^^ (pa-pu) allele at 
the a^ locus. The allele mutates germinally at a 
high frequency to pale and colorless alleles and these were 
demonstrated to "be nonresponsive to The origin of these 
stable colorless and pale deviants, designated and 
^p(nr) ^respectively, was accompanied by the transposition of 
En away from the a^ locus (Peterson, 1970a). The transposition 
events were nonrandom; transposition of En to a linked site on 
chromosome three occurred approximately 25 percent of the time 
with a preference for transposition sites six to 20 cross-over 
units from the a^ locus while the remaining transposition 
events resulted in the relocation of ^  on another chromosome 
or a failure of implantation of ^  (Peterson, 1970a). 
Another feature of the En system is that associated with 
phase variation. Phase variation describes the changes in 
functioning of the regulatory elements from periods of activity 
to periods of inactivity or vice versa. Two instances of the 
phasic variation of ^  activity were described Peterson 
(1966) as "flow" and "crown" kernel phenotypes. In the pres­
ence of the ^  tester allele, the "flow" kernels ex­
hibit mutations only in the lower part of the aleurone while 
the crown is uniformly colorless. The "crown" phenotype has 
full colored dots only at the top of the kernel. The hypothe­
sis that areas with no mutations resulted from an inactive En 
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was demonstrated by utilizing the a^™"^ allele. The a^^"^ 
allele expresses full colored sectors in a colorless background 
in the presence of 8pm or the absence of Spm or En 
results in a uniformly dilute (pale) pigmentation (McClintock, 
1956a; Peterson, I965). In order to test this, the following 
heterozygotes were developed» ^^m(r)y^m-l^ crown) 
g^m-ly^m^ g^(flow) ^ (phe inactivity of crown) ^ nd flow) 
in the appropriate kernel regions (the colorless areas with 
no mutability) resulted in the appearance of dilute pigmenta­
tion that is normally associated with the a^™"^ allele in the 
absence of Spm or This demonstrated that ^  underwent 
phase variation in activity and did so at definite times in 
development. 
In order to introduce the ^  system at selected loci, 
plants carrying or in the homozygous condition and a 
varied number of En were crossed by or c^ pollen parents 
(Peterson, I963) • lies in the short arm of chromosome five 
and the locus is in the short arm of chromosome nine. From 
a test of over five million gametes an a^-mutable allele 
(ag^^^ 1513)^ derived from an A^ allele and a C;-mutable allele 
(c^ 1702 J derived from a allele were recovered and 
demonstrated to be under the control of the ^  system. 
The aallele originated in a plant with the 
2—1—1 gGHotype (Peterson, I968). In the newly arisen 
a^ mutable ^  was determined to reside at the a^ locus and 
assumed to have transposed there from another location in the 
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grenome« However, the I element could not be identified In the 
original culture which gave rise to It was hy­
pothesized that ag™^^ 1511) originated by the insertion of En 
alone at the locus (Peterson, 1970b). 
The original allele expressed the variation in pheno-
typic patterns similar to that observed with the allele 
(Peterson, I96I); colored sectors in a colorless background in 
the aleurone (Peterson, I968). A number of mutability patterns, 
dependent upon the time and frequency of the mutational events, 
were found as derivatives of the original allele. Among 
the derivatives of the original a^™ alleles were two colorless 
types* types which respond to the presence of ^  but 
are stable colorless in the absence of and types 
that do not respond to En. 
Additional derivative alleles were recovered which ex­
pressed a wide range of intermediate levels of aleurone pig­
mentation. [Oiese types were hypothesized to result from a wide 
spectrum of changes induced by ^  at the a^ locus (Peterson, 
1968). One derivative of the original allele, designated 
^^in(r-pa-pu) expressed a uniform pale phenotype in the absence 
of ^  (Fowler and Peterson, 1971). The regulator element, En, 
was located independently of the a^ locus. In the presence of 
En. kernels with the g^m(r-pa-pu) allele have a colorless back­
ground with pale, colorless and full colored sectors in the 
aleurone. Germinal mutations to alleles expressing intermedi­
ate levels of pigmentation as well as full colored and colorless 
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types were recovered which did not respond to ^  (Fowler and 
Peterson, 1972). 
Relationship of En and I 
Peterson (i960, 1970b) has postulated a close relationship 
between I and This was inferred from the isolation of new­
ly arisen autonomous alleles in stable pg^ (Pg I) 
stocks of the pale green mutable system. It was suggested that 
the ^  factor could, have arisen from the I factor associated 
with the pg^ allele (Peterson, i960). Furthermore, both ^  and 
I were able to suppress the expression of the Dg^° allele. 
The original culture in which 1513) ^ rose from a 
stable Ag allele contained ^  but I could not be identified 
(Peterson, 1970b). It was postulated that a^™^^ origi­
nated by the insertion of ^  alone at the ^  locus. The 
existence of an I factor in the a^^ system was based on the 
responsiveness of the types derived from the original 
a^® allele. The types were mutable in the presence of 
En but stable if absent. It was thus concluded that the 
alleles contained a factor, I, which was responsive to En. It 
was hypothesized, that I was a modified form or state of So. or 
a remnant of which remained, after transposition of ^  away 
from the a^ locus (Peterson, 1970b), Further support for this 
hypothesis was the failure to recover transpositions of I alone 
to a selected stable locus. No types were isolated as 
original events at the a^ locus (Peterson, 1970b), 
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The Spm System 
A two-element mutator system where the regulatory element 
has been designated suppressor-mutator (8pm) has tieen studied 
by McClintock (1954, 1955, 1956a). According to the criteria 
of specificity relating systems of mutability, the Spm element 
is identified with the regulatory element of the ^  muta­
bility system in controlling the mutability of the allele 
(Peterson, I965). However, since each system appeared to have 
originated separately and to have been studied independently 
they will be described separately. 
Inception of initial control 
From one self-pollination of the original plants that had 
undergone the breakage-fusion-bridge cycle in early development 
a mutable luteus allele was recovered from the progeny (McClin­
tock, 1950» 1951a) i The mutable luteus allele conditioned a 
yellow chlorophyll expression until mutations which altered the 
amount of chlorophyll appeared as sectors on the plant (McClin­
tock, 1951a). The control of mutability was autonomous (in­
digenous to the locus) and germinal mutations were recovered 
which were characterized by various quantitative grades of 
chloropJrqrll expression. 
An exceptional kernel appeared on one ear in a mutable 
luteus stock (McClintock, 1951a)• This single kernel exhibited 
sectors of color in a colorless background of the aleurone. 
The aberrant kernel carried a newly arisen mutable allele at 
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the ,a^ locus, designated a^ " . The control of mutability of 
the a^®"^ allele was autonomous and it mutated to alleles which 
expressed various levels of pigmentation in both the aleurone 
and plant tissue. A subsequent transposition of the Spm element 
away from the locus resulted in a two-element system of con­
trol, an element Inserted at the a^ locus and the regulatory 
element located elsewhere (McClintock, 195^). This regulatory 
element, designated suppressor-mutator ( Spm), suppressed the 
allele until mutations occurred to various levels of pig­
mentation in the aleurone and mature plant tissue (McClintock, 
195^)» In the absence of 8pm the a^®"^ allele expressed a 
•uniform level of low pigmentation. 
Properties of Spm 
The Sm element was found to undergo transposition but 
did not have dose effects (McClintock, 1955)* Spm consisted 
of two components of action; each was functionally independent 
but physically Inseparable (McClintock, 1965a, 1965b)• Com-
ponent-1 suppressed the action of a gene'under its control 
while component-2 Induced responses of the controlling element 
at the gene locus that released the gene from control of the 
Spm system as well as changes in state of the controlling ele­
ment (McClintock, 1958» 1965a.)* Transposition of Spm was also 
controlled by component-2. Component-1 underwent alternating 
cycles of activity and Inactivity; an active component-1 was 
required for the expression of component-2 (McClintock, 1965a). 
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Mutations occurred that altered only component-2 of Spm 
(McCllntock, 1957, 1965a). Some mutations completely elimi­
nated the action of component-2 while others, designated Spm^, 
had a low level of activity of component-2. 
A dominant modifier which arose as a mutational event was 
isolated which Increased the frequency of mutation (McCllntock, 
3.957# 1958, 1965a), The expression of the modifier required 
the presence of an Spm with an active component-1. The modifier 
•was found to transpose and could complement an Spm with an Inac­
tive component-2 by supplying this component. 
Loci under control of the 3pm system 
The original state of a-j^^"*^ in the presence of Spm was 
expressed as a suppression of pigmentation in the aleurone 
and plant tissue until Sr>m affected the controlling element 
at in some cells resulting in many early mutations to 
alleles that expressed a wide range of intensity of pigmenta­
tion (McCllntock, 1955/» Also, germinal mutations to alleles 
that were stable in the presence of Spm were recovered. In 
the absence of Spm or in the presence of an inactive Spm 
possessed some genie activity expressing a uniformly 
pigmented aleurone and plant color. In the presence of an 
active Spm changes to the controlling element at the ^  locus 
(changes in state) occasionally occurred. These changes were 
expressed as differences In the types of mutational events 
that occurred subsequently in the presence of Snm and in the 
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time and frequencies of these mutations during development. 
Also, changes occurred which affected the degree of gene 
action at in the absence of 8pm. 
Two other independent inceptions of control of the a^ 
locus by the Jpm system, designated and were 
isolated (McClintock, 1962). In both instances Spm was 
initially located at the a^ locus (autonomous control) but 
two-element systems were subsequently recovered. Control of 
gene action at the original state of a^™"^ unique ; in the 
presence of an inactive Spm or in the absence of Spm the action 
of the gene was suppressed while gene action was expressed in 
the presence of an active Spm (McClintock, I962). 
The a^ locus on chromosome five also came under the con­
trol of the Spm system (McClintock, 1951a-» 1957) • Exceptional 
kernels which exhibited variegation for anthocyanin pigmenta­
tion appeared on an ear of a self-pollinated plant of a mutable 
luteus stock. The mutable luteus allele had been recovered as 
one of the 40 different mutable loci that arose in the course 
of an experiment in which chromosome nine underwent the break-
age-fusion-bridge cycle (McClintock, 1950)* Tests indicated a 
new mutable allele, designated had arisen from a pre­
viously stable allele and mutability was autonomously con­
trolled under the Spm system. Subsequently, a two-element 
system was derived from the initial one-element system. There 
were two major classes of states of the controlling element 
at the a allele : class I and class 11 (McClintock, 1957» 
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1958). In the absence of Spm or in the presence of an inac­
tive Sm« class I states, which are similar to states of the 
allele, express uniform anthocyanin pigment in both the 
aleurone and plant tissue. In the presence of an active Spm 
gene action is suppressed until in some cells mutations at the 
locus, initiated ty Spm, allow gene expression which 
is stable in subsequent cell generations. Class I states 
differ from each other in the amount of pigment expressed 
in the absence of Spm and the type and time and frequency of 
mutational events when Spm is present. 
The class II state of is differentiated from 
—2 —J. 
states and class I states of a^^"^ in that gene action is fully 
expressed in the aleurone and plant tissue when Spm is absent 
or in its inactive phase. In the presence of an active Spm 
the class II state of a^^"^ is completely suppressed in the 
aleurone and partially suppressed in plant tissue. In con­
trast to class I states no mutations have been recovered at 
the ^2^"^ locus with the class II state. With the class II 
state Spm serves only as a regulator of gene action at the 
a^ locus causing the structural gene to "turn on" and "turn 
off" through the mediation of the controlling element located 
at the ^  locus, 
A newly arisen allele at the wx locus, designated wx^~^, 
was isolated from a stock which contained the allele 
and an active Spm (McClintock, I96I). The wx™"® allele was 
found to be controlled by the Spm system. In the absence of an 
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active Spm or In the presence of an inactive Spm the wx " 
allele conditioned a low level of gene expression; in the 
presence of an active Spm gene action was completely suppressed 
until mutational events occurred at resulting in stable 
alleles which varied from null expression to full Wx 
expression. 
The ^  System 
The allele at the P locus located on chromosome one 
is required for red colored pericarp and cob. An allele, 
designated conditions colorless pericarp and red cob 
while expresses red pericarp and white cob and P^, color­
less pericarp and cob. An allele, designated P^, which ex­
presses a variegated red and colorless phenotype was described 
by Emerson (1914). Medium, light and very light forms of 
variegation were recognized. Kernels with completely colored 
pericarp were occasionally found on variegated ears which 
originated from a mutation of P^ to (Emerson, 1914, 1917, 
1929). 
In the early 1950*s study of variegated pericarp was re­
sumed by Brink and his students. It was hypothesized that 
medium variegated kernels contained a genetic unit, designated 
Modulator (Mp). at the P locus and was separable from the 
allele; the P^ allele of medium variegated kernels was desig­
nated P^^Mp (Brink and Nilan, 1952). The M^ of the P^^M£ com­
plex inhibited pigment formation until M£ is removed from the 
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P locus "by transposition which allowed gene expression. The 
light variegated kernels contained an additional ^  element. 
This hypothesis was based upon the study of twinned sectors 
which consisted of adjacent light variegated and full colored 
sectors which originated as a single mutational event on 
medium variegated ears. Transposition of from the P^^Mp 
unit followed by mitotic segregation of the transposed Mp 
(tr-Mp) and the P^^ allele resulted in the full colored (P^^) 
sector and the adjacent light variegated (P^^Mp + tr-Mp) sector. 
The tr-Mp reduced the frequency of transpositions of away 
from the P^ locus. A very light variegated phenotype was 
later recovered as a mutation on a light variegated ear and 
found to contain two doses of the tr-Mp but at different loca­
tions (Brink, 195^). The similarity between ^  and ^  was 
established when Ds chromosomal breaks were induced by Mp 
(Barclay and Brink, 195^)» Furthermore ME exhibited dose 
effects similar to Ac. 
An explanation of the mechanism of transposition of M£ 
has been abetted by a detailed analysis of the twinned sectors 
on medium variegated ears. Greenblatt and Brink (I962) found 
that 65 percent of the red sectors contained a tr-Mp along 
with the P^^ allele. The tr-Mp was located in these red 
sectors at the same chromosomal position as the tr-Mp in the 
adjacent light variegated sector (Greenblatt and Brink, 1962, 
1963). It was later demonstrated that when the total number 
of ^  transpositions away from the P^ locus (red ears) was 
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compared to the total number of tr-Mp' s found In a random sample 
of progeny from medium variegated ears, an excess of tr-Mp * s 
were found; 1,44 tr-Mp's were recovered for each transpositional 
event (Greenblatt, I966), It was suggested the excess of tr-
Mp* s was caused by M^ replication at the P locus prior to tirans-
position and a second replication of M£ at the receptor site 
during the same mitotic event. Greenblatt (1968) demonstrated 
that if "untwinned" red sectors resulted from transposition of 
Mp from during mitotic replication all such sectors would 
have to contain tr-Mp« Possible "untwinned" red sectors were 
selected and tested for the presence of tr-Mp, The percentage 
found to contain tr-Mp was similar to that found for the red 
sectors from twinned sectors (65 percent), Greenblatt then 
suggested all transpositions of Mp, from the P"^ locus resulted 
in genetically potential twinned sectors, 
A hypothesis was proposed to explain the mechanism of 
transposition of M£ during mitotic division from the 
locus which included the following: (1) M£ only transposed 
after the P^^Mp complex was replicated, (2) The time at 
which, the P^^Mp complex replicated was at the same time which 
the entire chromosome complement was reduplicated. Some 
sites, however, have not yet reduplicated, (3) Only the 
newly formed copy of transposed, (4) The new ^  copy 
could have moved only to a site on the parent chromatid, 
(5) At the receptor site tr-Mp could have served as a 
template for the second strand and reduplicated again when 
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the receptor site replicated or may not have replicated a 
second time during a single mitosis. 
Prom a large number of transpositions of ^  from the 
locus studied it was found that the sites of relocation of 
were nonrandomly distributed about the genome (Van Schaik and 
J^ink, 1959)* was transposed to sites linked with P on 
chromosome one in 64 percent of the transpositional events 
which is far more frequent than would be expected by chance 
alone. Furthermore, the closer the new site was to P, the 
more likely it was occupied by a transposed M£. Following the 
primary transposition of M£ from the P locus secondary trans­
positions occurred at a variable frequency. 
Orton and Brink (I966) reconstructed the variegated 
pericarp allele (P^) by testcrossing self colored plants 
(P^^) containing linked tr-Mp's which arose as mutations of the 
P^ allele, and selecting the exceptional variegated progeny. 
All the variegated mutants had M£ present which behaved as 
if it were located at the P locus. Differences in the mutant 
variegated phenotypes suggested that most differed with re­
spect to the exact location of at the P locus. The frequency 
of reconstruction of the P^ allele Increased with the Increase 
in linkage between tr-Mp and P^^ (Orton, I966). 
The aj^, Dt System 
The colorless allele, a^, was isolated by Emerson in 1917 
and became the source of a^ stocks. According to Rhoades 
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(1936), Dr. L. P, Handolph discovered a self-pollinated ear 
of Black Mexican sweet com with assorted kernel types with 
respect to aleurone coloration; colored, colored dots on a 
colorless "backgroxind (dotted) and uniformly colorless kernels. 
The colorless and dotted kernels were not expected since the 
Black Mexican line was normally homozygous for the dominant 
alleles which conditioned colored aleurone, Ehoades (I936) 
found that the kernels on this ear occurred in a ratio of 
colored:three dottedione colorless kernel. The inheritance 
of the dotting activity indicated that it was an interaction 
of the a_ allele with a second factor. This factor was 
—1 
dominant and caused a^ to mutate to This factor was 
designated Dotted (Dt) and the plant which gave rise to the 
exceptional ear was heterozygous for Dt and segregated ^ , 
a-j_ presumedly following a mutation of to a^. 
The Dt gene did not arise through mutation in the same 
gamete in which the suspected mutation of ^  to a^ occurred 
since tests of sib plants showed Dt to have been segregating in 
the Slack Mexicsin line. The Dt gene interacted specifically 
with the a^ allele to cause dots of colored cells to be fonned 
in the aleurone. The allele present in the exceptional ear 
with Dt appeared to be identical with the original a^^ allele 
found by Emerson including its response to Dt (Ehoades, 1938), 
Cie original a^ allele for many years was observed as a stable 
recessive allele with a low or negative mutation rate to ^  
and did not become unstable until tested against Dt, 
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Rhoades (1938) demonstrated that varloprntlon In t h r  
presence of Dt was caused by mutations of a^ to controlled 
by Dt. Anthers of a^a^DtDt plants were brown (a^ phenotype) 
with purple sectors (A^ phenotype). Occasionally purple 
anthers were observed. Single anther pollinations to a^dt 
testers indicated that large purple anther sectors were corre­
lated with the mutation of a^ to A^. Dt itself was not changed 
in the mutational event and the alleles derived by mutation 
(A^*) were stable in the presence of Dt. In dosage tests, 
Bhoades (1936) showed that when the dosage of a^ was increased 
from one to three in the triploid aleurone a linear increase 
in the frequency of dots was obtained. When the number of a^ 
alleles remained constant and the dosage of Dt was increased 
from one to three an exponential increase in the number of 
dots resulted. Pour-point linkage data indicated Dt located 
near or in the heterochromatic knob terminating the end of the 
short arm of chromosome nine (Rhoades, 194$). 
In addition to the full colored A^ dots which included 
most of the aleurone mutations of a^ in the presence of Dt, 
mutations to pale alleles also occurred (Rhoades, 1938). Muta­
tions to ^  were about one thousand times more frequent than 
mutations to a pale allele. The a^ allele also mutated to a 
colorless allele that was stable in the presence of Dt, desig­
nated a^® (Rhoades, 19^1), He considered that mutations of a^ 
to a^ ^  were induced by ^  since the mutation rate was so great 
that the a^^® allele would have replaced the a^ allele in 
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genetic stocks if this mutation occurred in the absence of Dt. 
Nuffer (1961) in further studies with the Dt system found 
a single exceptional kernel on the ear of a self-pollinated 
plant with the genotype A^a^DtPt that had an extremely high 
rate of mutation (1000 dots per kernel) compared to 
sibs (58 dots per kernel). This new allele, designated a™-l, 
arose through mutation of an ^  allele. The and a®-1 
alleles differed in the number of mutations which occurred, the 
time of the events, and the types of mutations recovered. The 
aP-1 allele mutated at least 406 times as frequently as did 
8^. The dots produced by the a^-1 allele varied widely in size 
and shape indicating that mutations occurred throughout the 
development of the kernel whereas mutations of a^ were of con­
stant size and shape indicating mutations were restricted to a 
definite time in development. Whereas mutations of a^ to A^* 
usually expressed full color in the aleurone and were stable 
in the presence of Dt, many A^' mutations of a^-1 expressed 
an intermediate level of pigmentation and could mutate to 
higher or lower levels. 
Bhoades (1938) reported a dominant modifier, M, that de­
creased the frequency of mutation of a^ in the presence of Dt. 
A histogram of dot frequency was bimodal with a 3*1 ratio which 
suggested the segregation of modifiers of mutability (M, m) at 
a single locus. Nuffer (195^t>) recovered a modifier, Id, that 
completely inhibited the dotting of one and sometimes two doses 
of Dt and greatly reduced the dotting of three doses with the 
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a®-l allele. However, the Inheritance of W failed to give 
constant Mendellan ratios. Linkage tests showed 38 percent 
recombination between Id and Wx on chromosome nine but no 
linkage was found between Id and Dt* fihoades (19^1) demon­
strated that temperature also affected the mutation frequency 
of a^^ to In the presence of An increase in temperature 
from 15.5°C to 27°C decreased the rate of mutation of a^ to A^. 
Doerschug (I967) recently isolated six separate instances 
of transposition of Dt from the short arm of chromosome nine 
in the progeny of 1255 self-pollinated a^a^DtPt plants. In 
each case Dt's appeared at new sites while the original site 
appeared unchanged. One of the transposed Dt's, designated 
Dt^, showed 39 percent recombination with (yellow endo­
sperm) on the long arm of chromosome six. Doerschug (I967) 
also recovered several changes in state of Dt. One, desig­
nated appeared to be associated with a transposition 
of Dt and was fully active in the scutellum but initially in­
active in the aleurone. Occasionally reactivation of Dt^^""^° 
occurred in the aleurone which produced sectors of a^ 
mutability. 
Spatial Relationships of the Controlling 
Element and Chromosome Structure 
The most widely accepted hypothesis for the mechanism 
of control of mutability at specific loci by two-element mu­
tator systems in maize was originally proposed by McClintock 
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(1950)' A controlling element, later termed an operator by 
McClintock (1961), moved to a specific gene locus imder the 
influence of a second component called a regulatory element 
or regulator (McClintock, I96I). The controlling element 
suppressed the action of the structural gene resulting in the 
recessive phenotype until it lost its ability to suppress gene 
action through the regulatory element causing it to "turn off" 
or be removed from the site. In the absence of the régulatoiry 
element the controlling element remained suppressing gene ac­
tion at the gene site. 
Neuffer (I966) reasoned that if this suppressing element 
hypothesis is correct the controlling element could possibly be 
removed or inactivated in the absence of the regulatory element 
by extraneous factors; This event would result in the restora­
tion of gene action. Stocks containing the and a™-l 
alleles which respond to Spm and Dt, respectively, but lacking 
these regulatory elements were treated with ultraviolet light, 
X rays and ethyl methanesulfonate (Neuffer, I966). No rever­
sions of the a^™"^ and s^-l alleles to ^  were recovered. 
Similar results were found Mouli and Notani (1970) when 
stocks containing the a^™"^ allele which responds to Ac were 
treated with ultraviolet light, gamma irradiation, and mitomycin. 
Attempts to remove the controlling element by crossing 
over have met with inconclusive results. Neuffer (I965) was 
unable to recover any recombinants in testcrosses of the 
^-1 (responds to Dt), a-j^®~^, and (responds to Ac) 
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alleles. However, McCllntock (1965c) utilized the 
allele of the Spm system and recovered A^sh^ recombinants with 
some states of a^^"^ from testcrosses of a^^^^Sh^/a^sh^ plants. 
The recombinants were presumed to have resulted from crossing 
over between A, and sh ( sh located .25 crossover units from 
which removed the controlling element from the locus. 
With other states of no A^sh_ recombinants were found. 
McCllntock suggested that whether or not a controlling element 
can be removed from a locus by crossing over may be dependent 
upon the state of the locus. 
Nelson (I968) in a fine-structure analysis of the wx locus 
has been able to map the positions of three wx alleles under 
the control of mutable systems. The three controlled loci, 
wxP"^ (responds to Spm), wx^"^. and wx^"^ (respond to Ac), 
mapped as single, specific sites in the cistron and recom­
bined with each other and most of the other wx alleles to yield 
Wx recombinants. The controlled allele sites were not located 
at either extremity of the locus but tended to be clustered 
and in the absence of the regulatory elements behaved as stable 
wx alleles. 
Several workers have studied the effects of controlling 
elements on crossing over in the vicinity of the controlled 
locus. Fradkin and Brink (I956) found A£ at the bz^ locus 
(bz^^""^) had no effect on crossing over in the sh-bz-wx region 
in chromosome nine. McClintock (1965d) demonstrated that Ds, 
when located, just distal to the Sh^ gene on chromosome nine. 
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was able to suppress all crossing over in the region "between 
Ds and "bz^ which included the sh_ locus. The presence of Ds 
increased crossing over in a chromosomal segment proximal to 
the Ds to bz^ region since recombination between sh^ and wz 
increased from a normal value of 12.6 percent to 24.6 percent. 
However, Ds when present at this location exhibited other 
unusual properties which suggested a special relationship be­
tween ^  and the host genie material not previously identified 
(McClintock, 1955)' When located distal to Sh^. Ps induced 
changes in genes located on either side of it and these effects 
could include a segment of chromosome nine six or more cross­
over units in length. In the presence of Ds induced muta­
tions at local gene loci but never was removed from its own 
locus by transposition. 
Neuffer (I965) concluded that the presence of the a^-1 
(Dt responding), a® (nonresponding null allele which arose 
from ^  through the action of Dt ), a^^'^ and respond­
ing) alleles in heterozygotes with aa sh homologues (a is 
a dilute component of the compound allele) reduced the fre­
quency of crossing over in the region from a to Sh^ as com­
pared to previously published values (Mains, 1949; Laughman, 
1952). The reduction was greatest in heterozygotes composed 
of the ^  responding alleles. 
From the analysis of the mechanism of transposition in the 
mutable pericarp (P^) system, Greenblatt (I966, I968) sug­
gested was attached to the chromosome. However, others 
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(Nelson, I968; Peterson, 1970b) have argued that Insertion of 
the controlling elements into the linear continuity of the 
chromosome is a more plausible model. That the controlling 
element is faithfully replicated in the absence of the regu­
latory element and the assignment of specific sites to con­
trolling elements in the wx cistron (Nelson, I968) by fine 
structure mapping have been cited as evidence for an insertion 
modelo 
Origin of Controlling Elements 
Mutable systems appear to have arisen and to be distributed 
in diverse lines of maize (Peterson, 1965)» Dt was originally 
isolated in Black Mexican sweet corn (Bhoades, 1936). Nuffer 
(1955) isolated two additional instances of Dt in widely di­
verse strains, Dt_ was recovered in a Brazilian yellow flint 
variety while Dt-^ was found in a purple aleurone line from 
Peru. The variegated pericarp allele originally reported by 
Emerson (1914) was controlled by M£ which was similar to Ac 
( Barclay and Brink, 195^) * Modulator (M) which controlled the 
bZo locus on chromosome one (Nuffer, 195^) was found to be 
Identical to Ac. Although there is a close relationship be­
tween ^  and Spm (Peterson, I965) they arose independently; 
the gi system was found by E. G. Anderson in com exposed to 
irradiation of the Bikini atomic bomb test (Peterson, I96O) 
while the Spm system was isolated in stocks that had undergone 
mechanical breakage of chromosome nine (McCllntock, 1950)» 
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Brawn (1964) has reported another isolation of an En or 
Spm-like element. 
Regulatory elements have been induced by ultraviolet 
light and X rays (Neuffer, I966). Three regulators of the 
a°-l allele (normally responds to Dt) and two of the 
allele (normally responds to Spm) were induced by ultraviolet 
light and one regulator of a^™"^ was induced by X rays. These 
appeared to have resulted from chromosome breakage at specific 
sites. However, these regulators arose in sectors of the 
endosperm and were not Inherited. 
The most efficient method of inducing mutable systems in 
maize involved mechanical breakage of chromosome nine due to 
the chromosomal type of breakage-fusion-bridge cycle. It 
should be emphasized the breakpoints often occurred in hetero-
chromatic regions and in or near centromeres among the aberra­
tions analyzed. Prom 4^0 self-pollinated plants that had 
undergone this cycle,40 different mutable loci were isolated 
(McClintock, 1950)• Several inceptions of control by the 
Ac-Ds and Spm systems were recovered. 
Since the mutable systems discovered by the above proce­
dure were similar to the a^-Dt systems and since Dt was located 
in or near a heterochromatic segment, McClintock (I95O# 1951a) 
tested whether new Dt's could also be induced by mechanical 
breakage of chromosome nine. Female a^^a^dtdt plants were 
crossed to pollen parents of the same genotype except that 
chromosome nine had undergone the chromatid type of breakage-
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fusion-bridge cycle. Among the 93,078 progeny kernels tested, 
117 had mutant areas which expressed the ^  phenotype (McClin-
tock, 1951a)* Most of these had only one ^  spot but one 
kernel had 84- dots. The dots were similar to those produced 
by Dt. However, Dt was not inherited from the plant grown 
from the kernel with 84 dots. Apparently the event giving 
rise to the Dt element had occurred during the second micro­
spore division. 
Doerschug (I967) repeated the above experiment of 
McClintock on a larger scale in an attempt to isolate germinal 
inductions of Dt. The a™-l allele (Nuffer, I96I) was utilized 
instead of a^ as a more sensitive test for ^  activity. Among 
the 153*032 progeny kernels tested,25O had mutant areas which 
expressed the Aj phenotype. Four kernels were fully dotted 
and further tests confirmed two of these had a Dt or Dt-like 
determinant in the embryo (Doerschug, personal communication). 
Theories of the Mechanism of Behavior 
of Mutable Systems 
Correns (I9IO) considered mutable loci as "sick" genes 
and the changes were too frequent to be considered mutation. 
Emerson (I929) was the first to interpret the behavior of 
variegated phenotypes as being due to changes in the gene 
itself. Demerec (1941) suggested that these mutations resulted 
from chemical changes of the genes, induced by certain physio­
logical conditions present during development. 
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McElroy and Swan s on (1951) also discussed p:e«no mutations 
as resulting from chemical rearrangements. They postulated 
that many alleles exist for each gene, each allele with a 
different chemical structure. An allele can only change to 
another allele (mutation) by acquiring a sufficient amount of 
energy. This energy was obtained from the myriad of inter­
acting and competing reactions present in the cellular environ­
ment, Some of these reactions (mutagen systems) provide 
energy to the allelic structure while others (inhibitor sys­
tems) prevent the presence of available energy. Mutable 
alleles were presumed to require a lesser amount of energy to 
change to alternate forms than the more stable alleles. This 
lesser amount of energy was more readily obtainable from the 
cellular environment than the greater energy needed for stable 
alleles to change, therefore, the high mutation rate charac­
teristic of mutable alleles. 
However, Goldschmidt (1955) hypothesized that no mutable 
loci exist. These loci responsible for variegation were un­
changed normal genes which were located near a rearrangement 
breakpoint which caused a variable position effect. 
McClintock was the first to demonstrate that genetic 
elements other than the structural genes themselves were in­
volved in the control of mutable genes. Because of the 
heritability of the changes in gene action,controlling elements 
were first considered to be mutator systems but it later became 
evident that regulatory systems which had become altered may 
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be involved. McClintock (1951a.* 1965a) suggested that chromo­
somal aberrations such as those induced by the breakage-f us ion-
bridge cycle uncovered elements present in heterochromatic 
regions which were capable of controlling gene action bat had 
not been previously recognized. Changes in these elements 
altered the timing of their actions and they became "out of 
phase" with respect to the timing that occurred during normal 
differentiation, thus the variegated phenotypes. McClintock 
(1961) has also described the similarities between controlling 
element systems in maize and the operon unit of regulation in 
bacteria. She renamed the controlling element, operator, and 
the regulator element, regulator, to emphasize their analogy 
to components of the bacterial systems. 
Brink (1964a,b) considered controlling elements to be dis­
placed segments of heterochromatin which normally functioned 
in gene repression at a general chromosomal level. These 
segments normally were not related to a specific set of factors 
which acted at the individual gene level during development. 
However, interactions between these displaced heterochromatic 
segments could be expressed through gene action although there 
was no specific relation between the gene and the controlling 
element. Brink's interpretation of controlling elements dif­
fered from that of McClintock*s in that he assumed they were 
never related to factors that normally regulated individual 
gene action during development while McClintock believed con­
trolling elements were normally specific gene regulators which 
65 
have been altered. 
Plncham (I967) proposed that the mechanism of behavior 
at mutable loci In higher plants could be explained by Callan's 
chromosome model (Callan, I967) which consisted of serial re­
petitive copies of DNA. sequences. According to this model a 
cistron consisted of a number of copies joined end to end and 
arranged as Intercorrectable master and slave copies, A mutable 
allele was conceived as a defective master gene which could 
pair and recombine with a normal slave copy in the same cistron-
Several distinct consequences and variations of this event 
would result in the multiple stable and unstable alleles de­
rived from a mutable locus. However, Peterson (I969) pointed 
out that with the two-element mutator systems found in maize 
the mechanism inducing mutation is not confined to a single 
locus as Pincham hypothesized« Mutability at a gene locus 
can be controlled by an element located elsewhere in the 
genome. Furthermore, some mutational events of unstable 
alleles In maize are associated with transposition of an ele­
ment from the affected locus. 
A possible relation between controlling elements in maize 
and eplsomes in bacteria has been noted by several workers 
(Jacob, I96O; Campbell, I962; Van Schalk, 1965» Peterson, 
1967# 1970h and Nelson, I968). Van Schalk (I963) found no 
evidence for a cytoplasmic state, characteristic of bacterial 
eplsomes, of the controlling element, However, Peterson 
(1970b)described numerous detailed similarities and possible 
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relationships which have yet to be tested between the two 
groups of factors. 
Mutable Gene Systems as Related. 
to Other Phenomenon 
Position-effect variegation, although most extensively 
studied in Drosophila (Lewis, 1950» Baker, I968), has also 
been found as a single case in Oenothera (Catcheside, 19^7) 
and in many instances in the mouse (Russell and Bangham, 1959; 
Cattanach, I96I; fiussell, Bangham and Saylors, 1962), In 
Drosophila wild type alleles from euchromatic regions were 
transferred by chromosomal rearrangements to heterochromatic 
regions. One break of the rearrangement must have occurred in 
the heterochromatic region and a second break must be such 
that the heterochromatic breakpoint was brought close to the 
gene locus; it was necessary that the gene was brought into 
proximity with a heterochromatic region that itself had been 
broken. The genes at their new locations were inhibited until 
frequent somatic reversions produced a variegated phenotype. 
Direct proof that the gene itself was not permanently al­
tered was demonstrated by the reversion to wild type expression 
when a translocated, hairy (h) gene was returned to its original 
position by crossing over between the hairy locus and the 
breakpoint of the rearrangement (Dubinin and Sidorov, 1933). 
Also unlike mutator systems in maize no instances of germinal 
instability have been found. 
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Cattanach and Isaacson (I967) reported a factor located 
on the X chromosome of mouse which controlled the extent of 
position effect variegation expressed in an X-autosome trans­
location. In this translocation, where a piece of an autosome 
had been inserted near the center of an X chromosome, wild 
type autosomal alleles were suppressed when the rearranged X 
chromosome was in its heterochromatic, inactive state (Lyon, 
1961)• A gene located near the middle of the autosomal seg­
ment was inhibited less than outside loci located near each 
end of the insertion; therefore, there was a spread of inac­
tiva tion into both sides of the autosomal segment (Cattanach, 
1970). 
Two states of this factor were isolated which differed in 
their ability to suppress the autosomal loci. This factor, 
designated a controlling element to imply a relationship with 
the mutable systems of maize, was found to regulate expression 
of genes located on a normal X chromosome (Cattanach, Pollard 
and Perez, I969). Later it was suggested the controlling 
element was the master gene or inactivation center which regu­
lated the X chromosome inactivation process (Cattanach, 1970). 
Following hybridization between Nicotiana tabacum and 
N. otophora, flower color variegation appeared in the progeny 
and in subsequent backcrosses to N, tabacum (Gerstel and Burns, 
1966); The dominant carmine phenotype (Co), derived from the 
N, otophora parent, was expressed until sectors of the reces­
sive coral (co) phenotype, characteristic of the N. tabacum 
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parent, appeared. Further study indicated that the Co gene 
was located in a small segment of euchromatin attached dis-
tally to a large heterochromatic segment of a chromosome 
also derived from N, otophora (Bums and Gerstel, 196?; 
Gers tel and Bums, 19 6?). Somatic chromosomal breakage 
occurred in this heterochromatic segment with the resultant 
loss of the distal euchromatic region containing the Co gene; 
thus the variegated phenotype. This also resulted in various 
chromosomal aberrations including dicentrics and abnormally 
large chromosomes (megachromosomes)• It was postulated that 
an element responsible for the breakage events was located in 
the distal region of the heterochromatic segment (Bums and 
Gerstel, I969), The similarity between this system and the 
original states of Ds which caused chromosome breakage events 
in the presence of Ac (McClintock, 1950* 1951a) was noted. 
In Drosophila melanogaster Green (I967) isolated an ex­
ceptional female fly carrying a mutable allele, w® (white-
crimson) , among the progeny of homozygous w^ (white-ivory, 
an allele of w) attached X female flies that had been treated 
with X rays. Further crosses of w® flies indicated w® mutates 
spontaneously in males and females to several different alleles 
or states which vary phenotypically from wf to w. The resultant 
mutants were isolated in clusters suggesting the mutational 
events occur primarily as pre-meiotic events. With the use 
of parental markers meiotic recombination was eliminated as the 
cause of the mutation; also mitotic recombination was not 
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involved in the mutational events since mutations of w® occurred 
in males with single X chromosomes. Sister strand exchanges 
were ruled out as the cause of w^^ mutation since the mutational 
frequency of w® located in a ring chromosome was similar in 
frequency to the mutational frequency of w® located in a rod 
chromosome in females that were heterozygous for the two types 
of X chromosomes. If mutation of w® is associated primarily 
with a sister chromatid exchange, crossovers must occur in 
pairs to produce viable products from ring chromosomes and 
fewer mutations of w® would have been recovered. Some of the 
w®-derived mutants were stable and others were unstable. In 
addition to apparent point mutations, w° and its mutable de­
rivatives produced deficiencies which included loss of the w 
gene and adjacent loci to the right or left of w. 
By the use of interallelic crossing over within the w 
gene, w® has been mapped between the w®®^ and w®^ alleles 
(Green, 1969a), The mutability and phenotypic properties of 
w® accompanied the allele in the course of the crossing over 
event which coupled w® to the particular w tester. Pour in­
dependent transpositions of w® from the X chromosome to the 
third chromosome, each to a different site, have been re­
covered (Green, 1969b). The w® allele retained both its 
phenotypic and mutability properties at the new locations. 
The transpositions included portions of the w gene other than 
w® but not the entire w gene. The postulated maximum genetic 
length of the transposed segment of the w gene included the 
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jjBux allele through the w® allele. 
Green has suggested that a maize-like controlling element 
was integrated at the w® site. This element accompanied 
in crossing over events and was responsible for both the high 
frequency and wide array of mutational events of w® and the 
transpositions of w° and a portion of the w gene to new 
locations. 
All of the above described cases were similar to mutable 
systems in maize in that gene action was altered by events 
not related to classical mutation concepts. 
Peterson (1970b) cited many characteristics common to con­
trolling elements and bacteria systems. He concluded control­
ling elements were accessory to the host gene locus, relatively 
nonselective in site insertion following transposition, and 
responsible for mutability, similarities shared by bacterial 
episomes. He offered as evidence the suppression of gene ac­
tion by the insertion of foreign DNA into the gal operon found 
in Escherichia coli (Jordan, Saedler and Starlinger, I967, 1968; 
Shapiro, I969), Three different insertions of varying sizes 
resulted in extreme polar mutations. The elimination of the 
inserted DNA appeared to restore the exact nucleotide sequence 
present before the insertion had occurred since complete wild 
type function reappeared, 
Taylor (I963) reported the prophage, Mu-1, caused auxo­
trophic mutants at many gene loci. Linkage tests indicated the 
prophage was closely linked to the site of the phage-induced 
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mutation which suggested these mutations also resulted from 
the insertion of foreign DNA. into a gene locus, 
Transposable elements, designated controlling episomes, 
have been discovered in Salmonella typhimurium (Dawson and 
Smith-Keary, 1963; Smith-Keary and Dawson, 196^). Instability 
resulted when a controlling episome was present at a site 
within the leucine-suppressor locus (su-leu A), The presence 
of the controlling episome induced both forward and back 
mutations. Transposition of the controlling episome away from 
the su-leu A locus resulted in a stable phenotype. 
When a controlling episome was present at the locus in­
volved in proline synthesis, gene action was suppressed 
(Smith-Keary and Dawson, 1964). The controlling episome 
transposed among several sites within the proline locus. Un­
like controlling elements in maize, however, transposition was 
confined to within the proline locus. 
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MATERIALS, METHODS AND SYMBOLS 
Gene Symbols and Definition of Terms 
Allele or 
element Description or phenotype 
^ An anthocyanin producing allele (chromosome 5)' 
purple colored aleurone in the presence of the 
proper modifiers. 
a. A colorless allele, recessive to A^; does not 
respond to any regulatory element. 
I Inhibitor, a controlling element associated 
with the locus; suppresses gene activity 
until changed by En. 
I* A state of the controlling element that par­
tially suppresses gene action in the absence 
of Eh; in the presence of ^  gene action is 
usually completely suppressed. 
I" Another state of the controlling element that 
partially suppresses gene action in the ab­
sence of En; in the presence of ^  gene action 
is completely suppressed until changed by En. 
En Enhancer, a regulatory element necessary for 
mutability of En-receptive alleles; can be 
located at the a^ locus or at a position in­
dependent of ag; exists in many states. 
En^ Variable Enhancer, ^  -which frequently alter­
nates between weak and strong states; isolated 
as an altered state of ^  during this study. 
^ni(l 1511) Original inception of mutability at the Ap 
locus controlled by the ^  system; autonomous 
control by En. gives colored dots in a color­
less background. 
m(r-pa-pu) Derivative of the original a^ 15II) allele; 
stable pale in the absence or in the pres­
ence of gives pale, purple and colorless 
sectors in a colorless background. 
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a 
-2 
a m(nr) 
-2 
Term 
Controlling 
element 
Regulatory 
element 
Autonomous 
Testcross 
Mutable 
Standard 
A colorless kernel allele that responds (r) to 
En; with ^  gives purple colored sectors on a 
colorless "background in the aleurone tissue 
of the kernel; exists in many states; used as 
an ^  tester. 
A colorless kernel allele that does not respond 
(nr) to En; originates as a mutant of a ® 
alleles. 
Round, nonshrunken type kernels ; herein 
designated as Bt kernels; located 6-7 units 
proximal to a^ on the short arm of chromosome 5* 
Brittle, nonround, shrunken type kernels; 
herein designated as ^  kernels; an allele of 
Bt^ . 
Germinal mutations of the allele 
to or toward full color which do not respond 
to En. 
General term for any mutable allele at the A. 
locus controlled Tsy the system. 
Definition 
Elements such as I that suppress gene action 
when in cis position to the locus. 
Elements such as ^  and Spm which alter con­
trolling elements so that the locus under con­
trol becomes functional. 
Represents mutability control that is in­
separable from the locus. 
Cross of the heterozygous type by the homozy­
gous recessive. 
Describes a variegated phenotype; a single 
tissue such as the aleurone of maize expresses 
more than one phenotype. 
Refers to the characteristic patterns of muta­
bility of the ^2™ and ag™ alleles 
when present with an active En. 
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Source of Materials 
The ^2i(r-pa-pu) allele investigated in this study was 
isolated by Dr, P. A. Peterson as a derivative of the unstable 
-Z allele (Peterson, 1963, I968). The aj^ allele 
is autonomously controlled by Bn; mutability is expressed in 
the aleurone as full-colored dots on a colorless background. 
In order to expedite the detection and isolation of changes in 
the parent pattern, the a^^^^ 1511) and subsequent mutable 
alleles were carried in the heterozygous form with Sig— 
testcrossed by a homozygous a^bt/a^bt parent [ag, which does 
not respond to En, and are located 7 crossover units from 
each other on chromosome five (Rhoades, 1950)# 93^ of the 
homozygous ^  testcross progeny are expected to be of a^bt/a^bt 
genotype]. The derivation of the allele is shown 
in Figure 1, 
The plant which contained the newly derived mutable 
^m(1 1511 ) ajLlele was testcrossed; the majority of the Bt 
progeny expressed the mutable phenotype, indicative of autono­
mous control of mutability. Mutable Bt progeny were selected 
and again testcrossed (nonmutable progeny are not relevant 
to the derivation of the allele and are not shown 
in Figure 1), This procedure was repeated for five generations. 
An array of exceptional phenotypes was recovered in the proge­
nies of the fifth testcross generation. Three classes of 
pheno type s represented the majority of the ^  progeny in 
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; 
Generation 
colorless bt 
Testcross male parent 
mutable Bt 
a2°lt 
i 
m 
Testcross of a^"* allele 
i 
First Testcross Generation 
mutable Bt a^^Bt/a^bt 
Second Testcross Generation 
-)] mutable Bt a^^t/a^bt K 
Third Testcross Generation 
J plant '3 427A-1 
mutable Bt a„™Bt/a bt 
Fourth Testcross Generation 
i plant '4 425-26. . 
mutable Bt ^ Bt/a.bt 
J ear '4 425-22 
mutable Bt a„™Bt/a«bt 
Fifth Testcross Generation 
^ plant '5 1155-1. " " 
mutable ^  a ™ ^ ^  Bt/a^bt 
j plant '5 1155-2. T 
mutable Bt Bt/a^bt fc 
; plant '5 1155-3. \ 
mutable Bt ^ Bt/a^bt 
i plant '5 1155-6. . 
mutable Bt a^ ^ ^ Bt/a^bt 
colorless Bt 
2 3 4 5 
Figure 1, The derivation of the allele (nc = 
not counted) 
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2 3 4 
7o of Total Bt 
mutable Bt 51.0 
pale Bt 30.1 
colorless Bt 18.7 
bt nc 
mutable ^  
pale 
colorless Bt 
bt 
7o of Total B^ 
mutable Bt nc 
pale Bt nc 
colorless Bt nc 
bt nc 
% of Total Bt 
76.6 
12.5 
10.0 
nc 
mutable ^  
pale Bt 
colorless Bt 
bt 
% of Total Bt 
39.5 
43.9 
16.5 
nc 
Figure 1. (Continued) 
Figure 1, The first class was composed of mutable progeny 
(51.0, 76.6 and 39,5% of the total ^  progeny in each test-
cross). ©le mutability was expressed in the aleurone as pale, 
deep purple, and colorless sectors in a colorless background 
(Figure 2). This contrasted with the phenotype expressed by 
the ^511) allele which lacks the pale and colorless 
sectors. 
The second phenotypic class (30.1. 12.5 and 43«9^? 
Figure 1) was represented by uniform pale kernels. This 
phenotype only occurred in the progeny of the a^^^^ 1511) 
allele as a rare event. The third phenotypic class (18.7, 
lOoO and 16.5%, Figure 1) consisted of uniform colorless 
kernels. 
13iis newly derived mutable allele was designated 
(Fowler and Peterson, 1971) • The initial 
inception of cannot be precisely determined. 
It was present in all the progeny of plants of the fifth test-
cross generation ( *5 1155-1» 2, 3» 6, Figure 1) that were avail­
able for examination. Therefore, it is assumed to be present 
in the female parent, plant '4 425-26, involved in the fourth 
testcross generation. The progeny of plant '4 425-22, a sib 
of plant '4 425-26, were examined and found to contain an 
a^^ allele but it was not the allele. Therefore, 
it is possible the allele initially arose during 
development of plant '3 427A-1 in the third testcross genera­
tion, Figure 1. Unfortunately the ear of plant '3 427A-1 
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Figure 2. Four kernels expressing the mutability pattern of 
the a allele. The kernels in the upper 
row snow coarse purple and pale sectors in a color­
less "background. Each kernel in the "bottom row shows 
a colorless sector surrounded "by smaller purple and 
pale sectors 
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•was not available for examination nor were any sib ears. 
Six mutable progeny from the testoross ear of plant 
'5 1155-1 and. five mutable progeny from plant *5 1155-2 were 
selected and the resulting plants again testcrossed (Figure 3)* 
The array and frequency of Bt phenotypes present in the test-
cross progenies of plants resulting from mutable Bt kernels 
selected from plant *5 1155-1 Is shown in Table 1, The array 
of Bt phenotypes present in the testcross progenies of plants 
resulting from mutable Bt kernels selected from plant *5 1155-2 
was similar but the frequency of each Bt phenotype was not de­
termined. Approximately one-half of the kernels resulting from 
these testcrosses were homozygous They were not counted 
and are not shown in Table 1. 
All the preliminary work mentioned above had been com­
pleted by Dr. P. A. Peterson before this investigation of the 
^m(r-pa-pu) allele started. The plants were grown at the 
Iowa State Research Center in those summers from I968 to 1971e 
and in the Florida nursery, as well as in the Agronomy Depart­
ment's greenhouse in each winter from I968 to 1971. 
Germinal Mu-fcations of the o Allele 
and Tests of Derivatives 
In the testcross progenies of â.2^^r-pa-pu)E n  
plants, full colored and near-full colored kernels were 
occasionally recovered. These putative germinal mutations of 
the g^2lele are testcrossed with (1) a^bt/a^bt 
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Testcross male parent 
plant '5 1155-1, \ 
mutable Bt Bt/a^bt 
plant '5 1155-2. . 
mutable Bt a^™ ^ Bt/a^bt 
% of Total Bt 
mutable Bt 51.0 
pale 
colorless Bt 
bt 
30.1 
18.7 
nc 
Bt/a^btt^ 
mutable Bt nc 
pale ^  nc 
colorless Bt nc 
bt nc 
Bt/a^btk— 
i Jplant '6 4610-9 y \ 1 
Immutable ^  a^ Bt/a^bt 
plant '6 4610-j.y^ „ „ \ 
mutable Bt g.^ ^ Bt/a^bt 
Bt/â2— 3J 
Iplant '6 4612-11 \ 
(mutable Bt a^ ^ ^ Bt/a^bt|^ 
Iplant '6 4612-12 . 
LtabU Bt a nCr-pa-pu) 
— —2 
plant '6 4612-13 , 
^ jmutable Bt Bt/a^bt 
Iplant ' 6 4612-14 \ 
{mutable Bt a^™^^ Bt/a^btj^ 
sure 3« Pedigree origin, crosses and some arogeny of the 
_m(r.pa-pu)allele (no . not counted) S2 
Table 1, Testcross Bt progeny from plants of a(r-pa-pu)gt/a^bt constitution 
that were derived from Plant '5 1155-1 
Number of Bt kernels Percentage of Bt kernels 
Plant no.^ 
1 
No, 
2 
Mutable 
3 
Pale 
4 
Color­
less 
5 
Total 
Bt 
"T 
Mutable 
7 
Pale 
8 
Color­
less 
9 
6 ^ t6lO~ 4 1 110 83 61 254 43.3 32.7 24.0 
- 5 2 67 55 39 161 41,6 34,1 24.2 
- 7 3 78 58 94 230 33.9 24.2 40.8 
- 8 4 73 39 36 148 49.3 26.3 24.3 
" 9 5 102 66 94 262 38.9 25,2 35,8 
-10 6 64 44 34 142 45.1 30.9 23.9 
&The first digit in plant numbers beginning with 6 designates the year I966, 
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plants to determine their genotype and (2) to Bt/a^™(^^Bt 
plants to determine gi content. 
To determine whether the visual distinction of these 
putative colored mutants, which ranges from dark pale pigmenta­
tion to full ^  expression, is correlated with varying levels 
of anthocyanln content, three mutants were selected which 
appeared visually to include the spectrum of this range and 
a quantitative biochemical determination (technique to be 
described later) was made of the aleurone anthocyanln content 
of these mutants. 
Colorless kernels also arise In testcrosses of the 
a^m(r-pa-pu) allele. Mutations of the a2°^(r-pa-pu) allele 
to a colorless allele, however, are difficult to identify In 
t h e  t e s t c r o s s  p r o g e n i e s  o f  p l a n t s  o f  r - p a - p u ) S n  
genotype. Colorless mutations cannot be distinguished from 
colorless Bt recombinants (7^ of ^  progeny) resulting from 
crossing over between a^ and 3t^ in the (r-pa-pu)s^a^^ 
heterozygotes. Furthermore, colorless Bt kernels are often 
visually indistinguishable from light pale kernels. Therefore, 
the following crossing scheme Is utilized to recover colorless 
derivatives of the allele. 
Step 1 
Plants from mutable ^  kernels of a^^^^^P^'P^^Bt/a^bt» En 
genotype are crossed with plants of A^Bt/A^Bt constitution 
(all progeny have a full-colored, Bt phenotype). 
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Step 2 
Plants from the full-colored, Bt progeny of the above 
crosses are testcrossed with plants of a^bt/a^bt genotype 
(A^Bt/ — X a^bt/a^bt). All progeny ears of the above cross 
are discarded except those ears which segregate mutable Bt 
kernels. These ears result from the cross of A^Bt/ 
m^(r-pa-pu)^  ^^  ^ a2^ -2^ ' 
Step 2 
Putative colorless derivatives are selected as colorless 
Bt kernels of the above cross. The allele has an extremely 
low rate of mutation to a^ (Stadler, 1951) so colorless Bt 
kernels recovered from this cross should represent mutations 
of the ^m(r-pa-pu) allele. Plants from these colorless 
kernels are then tested for (a) response to En, (b) presence of 
Bn, and (c) segregation by crossing to a.bt/a.bt. En plants 
for (a) response to En, and a^^^^^Bt/a^^^^^Bt plants for 
(b) content of ^  and for (c) segregation. 
Changes in State of ^  Activity 
During this investigation changes occurred in which the 
and alleles exhibited altered expressions 
of mutability in the presence of This change was expressed 
in the severe reduction in the size and frequency of pale and 
purple sectors and purple sectors in the aleurone when ^  was 
present wirh the ag^^r-pa-pu) alleles, respectively. 
84 
indicating fewer and later mutations were occurring (Figures 
4 and 5). No mutations could be detected in some kernels that 
were expected to contain ^  with the or 
allele when examined under a dissecting microscope. The 
degree of alteration in the expression of the and 
alleles in the presence of ^  was measured by calculating 
the percentage of total Bt progeny that are mutable. 
To determine whether ^  or the 
alleles are responsible for the altered expression of muta­
bility, the following crosses are performed. 
Pale Bt and colorless ^  kernels are selected from test-
cross ears of a.^^r-pa-pu)a^bt. En genotype which exhibit 
an altered pattern of mutability with Colorless Bt and bt 
kernels are selected from a^^^^^Bt/a^bt. En testcross ears 
which also exhibit an altered pattern of mutability with En. 
Plants resulting from the colorless ^  kernels are crossed 
with unrelated plants of Bt/a^^^^^Bt genotype (a^bt/ 
a bt X a ™(F)Bt/a^^(^)Bt). Plants resulting from the pale 
"~Z 2  ^
(a^^^^^P^^P^^Bt/a^bt) and colorless (a^^^^^Bt/a.bt) Bt kernels 
are crossed with plants of a^bt/a^bt and a^bt/a^bt. En genotypes. 
The stability of the altered expression of the 
and alleles with gi is determined by selecting mutable 
Bt progeny from a^^^r-pa-pu)E n  and a.^^^^Bt/a^bt, En 
testcross ears in which the altered patterns of mutability are 
expressed. Plants resulting from the selected mutable Bt 
kernels are again testcrossed and the percentage of mutable Bt 
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Figure 4. Change in expression of the a? 1 allele 
in the presence of jto. The a-2° Bt/a^bt» En 
kernels of the left ear show a reduced expression 
of mutability. The mutable kernels of the right 
ear of the same genotype display the standard ex­
pression of the allele with ^  
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Figure 5* Change in expression of the ag™(^) allele in the 
presence of The * — ^^mels in 
the lower row show a reduced expression of mutabili­
ty. The mutable kernels in the upper row are also 
m( r) Bt/agbt, En but display the standard expres­
sion of the a_^T^) allele with En 
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kernels determined in the resulting testcross ears. Mutable 
Bt kernels are again selected that exhibit levels of ^  ex­
pression ranging from low to nearly normal and the resulting 
plants again testcrossed and the progeny ears scored for ex­
pression of mutability. This procedure Is repeated for one 
or more generations. 
Crosses are utilized to test the effect of changes in 
ear environment on the altered expression of the 
and alleles with En. Mutable Bt kernels are selected 
from the testcross progenies of the ^.^^(r-pa-pu) ^ nd 
alleles which exhibit expression ranging from low to nearly 
normal with jto. The resulting plants are reciprocally crossed 
with plants of a^bt/a^bt genotype. Pollinations to both the 
main stalk and a tiller ear shoot are performed for each 
plant resulting from the mutable Bt kernels. The resulting 
main stalk, tiller, and reciprocal ears are compared for the 
level of to expression. 
Quantitative Measurement of Anthocyanin Content 
A quantitative analysis of anthocyanin pigment is utilized 
which determines the measurement of anthocyanin content in the 
aleurone from optical density values of methanolic hydrochloric 
acid extractions of anthocyanin. This method has been described 
Tv Van Der Walt (196?). 
Three different A^' mutations of the allele 
which can be visually differentiated and pale kernels containing 
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the ^^(I'-pa-pu) allele but no gi are tested for anthocyanln 
content. For comparative purposes the control includes full 
colored and colorless types. 
Plants from kernels of the genotype to be tested are test-
crossed to provide an ear segregating the desired genotype. 
Kernels are removed from the ear and the large and small 
kernels eliminated by discarding those that do not pass through 
a 20/64 inch mesh screen and those that pass through a 17/64 
inch mesh screen. Approximately 40 kernels in this range of 
size are used to represent a single ear. The seeds are ground 
in a Wiley Intermediate Mill with a size 20 screen in the re­
ceiving tube. 
An aliquot of the mixed meal is extracted for 24 hours 
with a one percent solution of hydrochloric acid in methanol; 
one gram of meal is placed In $0 ml of solvent. Clear, colored 
solutions are obtained by centrifugation. The suspension is 
spun in an ISC centrifuge for approximately five minutes at 
about 2000 revolutions per minute. 
The colormetric reading in optical density values of the 
pigment is read on a Beckman Model DB Spectrophotometer at 
510 mu ("prpr genotype) or 530 mu (Pr - genotype). Three 
samples are analyzed from each ear. 
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HYPOTHESIS,ON THE ÇONTHOL 
OP THE AT.T.KT.-R 
When a new mutable allele is isolated the basis for the 
control of mutability must be elucidated before further studies 
may be initiated* The r-pa-pu) allele was recovered as a 
derivative of the 1511) allele of the ^  system of muta­
bility (Peterson, I963, I968). 
All testcrosses of the r-pa-pu) allele listed in Table 
1 and Figure 3 (Materials, Methods and Symbols) yield non-
mutable and mutable kernels in the testcross ears. In a series 
of tests to be described later, a two-element system of control 
can be demonstrated. One element is located at the controlled-
gene site and the second element, the regulatory element, is 
located at a site other than at the gene locus. It is further 
hypothesized that mutable kernels contain a factor which is 
necessary for the expression of mutability at the controlled-
gene site; in the absence of this factor, the allele expresses 
a uniform pale and (or) colorless phenotype. Since the 
^^m(r-pa-pu) gjlele is derived from a mutable allele 
(ag®^^ 1511)) under the control of the gi system it is a 
priori considered that this factor is From a^™^ r-pa-&u)gt/ 
a^bt + factor testcrosses, the mutable Bt kernels usually con­
sist of one-half or less of the total Bt progeny (Table 1, 
columns 3 and ?, Figure 3)» It is hypothesized that this factor 
is located independently of the a^ locus. 
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The oonfInnation of the above hypothesis Involve a demon­
strating each of the following features of kernel types derived 
from testcrosses (tentatively designated 
En X a^bt/a^bt) of plants from mutable kernels expressing the 
—2^(r-pa-pu) phenotype t 
1. Mutable Bt kernels (tentatively designated 
^m(r-pa-pu) En) should contain ^  which, on 
the basis of the segregation pattern and additional 
tests, should be located independently of the a^ locus-
2. Pale (tentatively designated a^°^^Bt/a^bt) and 
(or) colorless ^  kernels should not contain En. 
3. Pale and (or) colorless Bt kernels should respond when 
En is introduced in a cross by expressing the mutable 
phenotype, characteristic of the r-pa-pu) allele. 
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RESULTS 
In the cross ^"P^'P^^Bt/a^bt. En x a^bt/a^bt, three 
types of Bt kernels--mutable, pale and colorless—are selected 
(Plants *6 4610-5» -7, -8, -9,and -10, Table 1, columns 3» 4, 
and 5î Plants *6 4612-2, -11, -12, -13» and -14, Figure 3» 
Materials, Methods and Symbols). Plants from the mutable Bt 
kernels are again testcrossed (ar-pa-pu)a^bt« En x 
Since it was hypothesized that mutability at the 
^m(r-pa-pu) allele is controlled by an independent ^  and a 
stable phenotype results from the absence of plants result­
ing from pale and colorless Bt kernels (Table 1, columns 4 and 
5» Figure 3) are tested for ^  content by crossing by an ^  
tester (a^^^^^Bt/a^^(^)Bt or Bt/apbt) » If ^  is present, 
the allele responds by expressing a mutable phenotype 
of colored dots in a colorless background in the aleurone; if 
En is absent, expresses a colorless phenotype. The re­
sults of these crosses are shown in Tables 2, 3 and 4. 
The Mutable Class 
As evident in Table 2, columns 4, 5» and 6, testcrosses 
of mutable kernels ( ag^^r-pa-pu)^ x a^bt/a^bt) result 
in a segregation of mutable, pale, and colorless Bt kernels in 
the progenies. Approximately one-half of the progeny from each 
testcross consists of colorless ^  kernels (a^bt/a^bt, column 
Table 2. Frequencies of phenotypes in the testcross progeny of plants 
from mutable ^  kernels of Bt/a^bt, En genotype 
Number of Bt kernels 
No. 
1 
Parent 
plant 
2 
Female 
plant 
3 
Mutable 
4 
Pale 
5 
Colorless 
6 
Total 
no. 
7 
1 6 4610-4 8 6958-1^ 43 89 33 165 
2 6 4610-5 8 7003-1 99 93 31 223 
3 -2 19 84 28 131 
4 6 4610-7 8 7010-1 54 40 13 107 
5 6 4610-8 8 7029-1 39 135 25 200 
6 -2 13 143 14 170 
7 -3 26 136 34 196 
8 -4 39 77 14 130 
9 -5 61 74 18 153 
10 8 7030-1 55 143 20 218 
11 -3 nc nc nc nc 
12 6 4610-9 8 7034-1 94 78 48 220 
13 8 7035-1 nc nc nc 
14 -2 nc nc nc 
15 6 4612-2 8 7046-1 16 65 44 125 
16 6 4612-11 8 7052-1 105 94 10 209 
17 -2 83 87 13 183 
18 6 4612-12 8 7058-1 94 128 19 241 
19 6 4612-13 8 7103-1 83 82 103 268 
20 -2 70 54 9 133 
21 6 4613-14 8 7109-1 nc nc nc 
^Includes mostly colorless kernels of a^bf/a^bt genotype with a 
small number of pale and mutable ^  kernels; nc = not counted. 
The first digit in numbers beginning with 8 designate the year 1968, 
c 
ns = nonsignificant in difference, 
**Significantly different at .01 level. 
*Significantly different at .05 level. 
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Percentage of Bt kernels 2 
X for a segregation of 
53.5 nonmutable Bt: 
I&itable Pale Colorless Colorless^ 46.5 mutable 
8 9 10 11 12 
26.0 53.9 20.0 no 26.892** 
44.3 41.7 13.9 no 0.317 ns 
14.5 64.1 21.3 nc 52.630** 
50.4 37.4 12.1 no 0.526 ns 
19.5 67.5 13.0 nc 57.526** 
7.6 84.1 8.2 nc 101.599** 
13.2 69.4 17.3 nc 84.691** 
30.0 59.2 10.7 nc 13.577** 
39.8 48.4 11.7 nc 2.443 ns 
25.2 65.6 9.2 nc 38.796** 
42.7 35.4 21.8 nc 1.111ns 
12.8 52.0 35.2 nc 55.717** 
50.2 44.9 4.8 nc 1.029 ns 
45.3 47.5 7.1 nc 0,055 ns 
39.0 53.1 7.9 nc 5.146* 
30.9 30-.5 38.4 nc 25.361** 
52.6 40.6 6.8 nc 1.771 ns 
Table 3. Test of ^  content: crosses of plants from pale ^  kernels 
from testcross ears of a„°^(^"P^~P^)Bt/a^bt, En genotype, 
these originated as sibs of the plants irom mutable Bt 
kernels testcrossed in Table 1, to En testers of a^™^^Bt/ 
a^bt (designated A) and a^™(^)Bt /a^^^^Bt (designated B) 
genotypes 
No. 
1 
Parent 
plant 
2 
Female 
plant 
3 
Genotype 
of En 
tester 
4 
Number 
Mutable 
5 
of Bt kernels 
Non-
mutable Total 
6 7 
1 6 4610-4 8 6955-3 A 0 191 191 
2 8 6955-4 B 0 311 311 
3 8 6955-7 A 0 215 215 
4 8 6956-2 B 0 303 303 
5 8 6956-3 B 0 177 177 
6 6 4610-5 8 7001-2 A 0 231 231 
7 8 7001-4 A —> 9 457 466 
8 8 7001-5 A -^12 213 225 
9 8 7001-6 A 0 188 188 
10 8 7001-8 B 0 196 196 
11 8 7002-1 A -—>35 174 209 
12 8 7002-2 A 0 236 236 
13 8 7002-3 A -4-12 300 312 
14 8 7002-4 A -—=>12 292 304 
15 8 7002-5 A —>12 158 170 
16 8 7002-6 B 0 98 98 
17 6 4610-7 8 7007-3 A 0 266 266 
18 8 7007-4 A 0 114 114 
19 8 7007-5 B 0 151 151 
20 8 7008-2 B 0 313 313 
21 6 4610-8 8 7027-3 A 0 231 231 
22 8 7027-4 B 0 301 301 
23 8 7027-5 B 0 199 199 
^Also includes a small number of pale ^  kernels, 
^nc = not counted. 
**Significantly different at .01 level. 
*Significantiy different at .05 level. 
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Number of 
colorless 
for a nonmutable Bt: 
Mutable Bt/ mutable Bt segregation of: 
Total Bt "L bt kernels 52.3:47.7 67.9:32.1 
8 9 10 11 
— 
b 
ne 
— —  ne 
ne 
1.9 ne 233.278** 125.153** 
5.3 ne 90.514** 42.806** 
— —  ne 
16.7 ne 32.796** 6.003* 
—  —  ne 
3.8 ne 138.611** 69.604** 
3.9 ne 134.168** 67.114* 
7.0 ne 
ne 
ne 
60.551** 26.422** 
ne 
Table 3. (Continued) 
Number of Bt kernels 
Genotype 
Parent Female of En Non-
No. plant plant tester Mutable mutable Total 
1 2 3 4 5 6 7 
24 6 4610-8 8 7027-6 B 0 154 154 
25 8 7028-2 A - >31 152 183 
26 8 7028-3 B 0 389 389 
27 8 7028-5 B 0 302 302 
28 6 4610-9 8 7032-2 B 0 189 189 
29 8 7032-3 B 0 155 155 
30 8 7032-4 A 0 91 91 
31 8 7032-6 A 0 289 289 
32 8 7033-3 B 0 318 318 
33 6 4610-10 8 7038-3 A 0 277 277 
34 8 7038-4 A 0 295 295 
35 8 7038-6 A 0 140 140 
36 8 7038-7 A 0 172 172 
37 8 7038-8 A 0 88 88 
38 8 7038-9 B 0 290 290 
39 8 7039-1 B 0 199 199 
40 8 7039-2 A - >26 254 280 
41 8 7039-3 A - >42 368 410 
42 8 7039-4 B 0 253 253 
43 8 7039-5 B 0 313 313 
44 8 7039-6 B 0 212 212 
45 6 4612-2 8 7044-2 A >75 106 181 
46 8 7044-3 A 0 303 303 
47 8 7045-1 A 0 119 119 
48 6 4612-11 8 7050-1 A >14 180 194 
49 8 7050-2 A 0 129 129 
50 8 7050-4 A 0 187 187 
51 8 7050-5 B 0 301 301 
52 8 7051-1 B 0 276 276 
53 8 7051-2 B 0 96 96 
54 8 7051-4 A 0 126 126 
55 6 4612-13 8 7101-3 A 0 233 233 
56 8 7101-4 A 0 79 79 
57 8 7101-5 A 0 222 222 
^ns = nonsignificant in difference. 
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Mutable Bt/ 
Total Bt % 
8 
Number of 
colorless 
bt kernels 
9 
2 
X for a nommatable Bt; 
mutable Bt segregation of: 
52.3:47.7 67.9:32.1 
10 11 
16.9 nc 28.033** 4.933* 
— -
nc 
nc 
••• nc 
— - nc 
nc 
— — nc 
nc 
9.2 
10.2 
nc 
nc 
85.573** 33.323** 
116.933** 43.025** 
41.4 nc 2.091ns^ 28.176** 
— - nc 
nc 
7.2 nc 
— - nc 
— -
nc 
— — 
nc 
— — nc 
— - nc 
IXC 
Table 3. (Continued) 
Number of Bt kernels 
Genotype 
Parent Female of En Non-
No. plant plant tester Mutable ntutable Total 
1 2 3 4 5 6 7 
58 6 4612-13 8 7101-7 A 0 152 152 
59 8 7102-1 B 0 291 291 
60 8 7102-2 B 0 140 140 
61 8 7102-3 B 0 259 259 
62 8 7102-5 B 0 211 211 
63 8 7102-6 A 0 121 121 
64 6 4612-14 8 7107-1 A 0 134 134 
65 8 7107-2 A — —>40 270 310 
66 8 7107-3 B 0 180 180 
67 8 7107-4 B 0 287 287 
68 8 7107-5 B 0 301 301 
69 8 7107-6 A 0 128 128 
70 8 7107-2 A — ->31 145 176 
71 8 7108-3 A — -^76 194 270 
72 8 7108-4 A 0 126 126 
73 8 7108-5 B 0 312 312 
99 
Mutable Bt/ 
Total Bt % 
8 
Number of 
colorless 
bt kernels 
9 
2 
X for a nommitable Bt : 
mutable Bt seereeation of: 
52.3:47.7 67.9:32.1 
10 11 
ne 
ne 
a» ne 
12.9 ne 70.777** 21.114** 
— 
ne 
17.6 ne 25.032** 3.866* 
28.1 ne 6.887** 2.026ns 
— — ne 
100 
Table 4. Test of En content of colorless Bt kernels arising 
f r o m  t h e  c r o s s  ^ 2 ^  r - p a - p u ) g t / a ^ b t ,  E n  x  a ? — 2 — '  
the colorless ^  kernels are sios of the plants from 
pale ^  kernels tested for En content in Table 3 
Genotype Mutable 
Parent Female of ^  Bt kernels 
No. plant plant tester®' present" 
12 3 45 
1 6 4610-4 8 6959-1 A + 
2 8 6959-2 B + 
3 8 6959-3 B + 
4 8 6959-5 B 
5 8 6959-6 A 
6 6 4610-5 8 7005-1 A + 
7 8 7005-2 A + 
8 8 7005-3 A 
9 8 7005-4 A + 
10 6 4610-7 8 7011-1 A 
11 8 7011-2 A 
12 8 7011-3 A 
13 8 7011-4 A 
14 8 7011-5 A 
15 8 7011-6 A + 
16 8 7011-7 B 
17 8 7011-8 B 
18 8 7011-9 B 
19 6 4610-9 8 7036-1 A + 
20 8 7036-2 A 
21 8 7036-3 B 
22 8 7036-4 A + 
23 8 7036-5 A 
24 8 7036-6 A 
25 8 7036-7 A + 
26 8 7036-8 A 
27 6 4610-10 8 7042-1 B + 
28 8 7042-2 A + 
29 8 7042-3 B 
^A = ag^^^^^/ag;^ and B = ag^^^^Bt/ag™^^)^. 
+ and - Indicates the presence or absence, respectively, 
of mutable Bt kernels in the progeny. 
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Table 4. (Continued) 
Genotype Mutable 
Parent Female of ^  Bt kernels 
No, plant plant tester present 
12 3 4 5 
30 6 4610-10 8 7042-5 B 
31 8 7042-6 B — 
32 8 7042-7 Â -
33 8 7042-8 B -
34 6 4612-2 8 7048-1 A + 
35 8 7048-2 A + 
36 8 7048-3 A + 
37 8 7048-5 A — 
38 8 7048-6 A — 
39 8 7048-7 A — 
40 8 7048-8 A + 
4l 8 7048-9 B — 
42 8 7048-10 B + 
43 8 7048-11 A + 
44 6 4612-11 8 7054-1 A + 
45 8 7054-2 A — 
46 8 7054-3 B + 
47 8 7054-4 A — 
48 8 7054-5 B — 
49 8 7054-6 B — 
50 8 7054-7 B — 
51 8 7054-8 A -
52 6 4612-13 8 7104-1 A 
53 8 7104-2 A + 
54 8 7104-3 A + 
55 8 7104-4 A + 
56 8 7104-5 B — 
57 8 7104-6 B + 
58 8 7104-7 B + 
59 6 4612-14 8 7110-1 A + 
60 8 7110-2 A + 
6l 8 7110-3 A + 
62 8 7110-4 A + 
63 8 7110-5 A + 
64 8 7110-6 A + 
65 8 7110-7 A + 
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11, Table 2) . 
The distribution of kernel phenotypes is influenced by 
the location of the controller of mutability and Bt. If a 
factor responsible for mutability is located at the 82 locus 
(autonomous), approximately 93^ of the Bt kernels in the 
testcross progenies are expected to express mutability (Figure 
6a, section A, column 5) with 7% crossing over between ag and 
bt (this Sg allele does not respond to En). The array of per­
centages of mutable ^  kernels in the testcross progenies are 
too low (Table 2, column 8) to support the hypothesis of 
autonomous control of mutability. 
If the factor responsible for mutability is located in­
dependently of the ^  locus, approximately 46.5^ of the Bt 
kernels are expected to express mutability (Figure 6a, section 
B, column 5); one-half of the a^^^r-pa-pu)g^y^^^^ kernels will 
contain the factor; one-half will not. In Table 2, seven test-
2 
cross ears (2, 4, 9 ,  12, I6 ,  I7 and 20, Table 2) have X values 
which do not significantly deviate from the ratio of 53«5 non-
mutable Bt:46,5 mutable ^  kernels expected if an independent 
factor controls mutability of the ^ 2^^r-pa-pu) , One 
ear (No, 18, Table 2) has a significant deviation from 53.5î 
46,5 and nine ears (1, 3» 5* 6, 7, 8, 10, 15 and I9, Table 2) 
have highly significant deviations from 53.5:46.5, In each 
case deviations result from deficiencies of kernels of the 
mutable Bt class in the progenies of these crosses. 
There is a reciprocity in the frequencies of mutable Bjt 
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A. Autonomous 
En 
Parental 
homologues 
2 
Frequency (%) of Events 
3 4 
Kr, 
bt 
En 
Bt 
(46.5) 
( 3.5) 
"L of 
Mutable 
Bt/ 
Total Bt 
5 
93 
0 
En a. bt 
a^ bt 
( 3.5) 
(46.5) 
100 
0 
0 
93 
B. Independent a ^^^Bt 
En 
bt 
m(r-pa-pu) 
Bt, En 
En 
+ 
m(r-pa-pu)g^^ ^ 
a^Bt, En 
± 
a^vbt. En 
2 — 
âgbt, + 
^_n(T.pa-po)^^ ^ 
a.°''r-P°-P")bt. + 
(23.25) 
(23.25) 
( 1.75) 
( 1.75) 
(23.25) 
(23.25) 
( 1.75) 
( 1.75) 
46.5 
0 
0 
0 
0 
0 
0 
0 
100 46.5 
Figure 6a. Percentages of mutable Bt kernels expected in test-
cross progenies of ap™(r=pa-pu) plants if a factor 
(En) responsible for mutability at the r-pa-pu) 
allele is located: (A) at the a^2 locus ^autonomous) 
or (B) independently of the ag locus and seven per­
cent crossing over between ag and ^  
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and pale ^  kernels in the progenies of the r-pa-pu)g^y 
ap'bt. En z ap'bt/ap'bt crosses listed in Table 2. In crosses 
where a low percentage (26,0, 1^.5» 19«5, 7*6, 13»2, 25.2 and 
12.8^) of mutable ^  kernels appear (ear cultures 1, 3, 5t 6, 
7, 10 and 15. Table 2) the percentage of pale Bt kernels is 
high (53.9, 64.1, 67.5, 84.1, 69.4, 65.6 and 52.0%, respective­
ly) . 
The Pale Class 
From the crosses listed in Table 1 and Figure 3 (Materials, 
Methods and Symbols), pale Bt kernels arose. These were tested 
for ^  X or 
^ ^ m ( .  T h e s e  r e s u l t s  a r e  g i v e n  i n  T a b l e  3 »  O f  t h e  7 3  p a l e  
kernels tested, 59 express no En activity in their progeny 
ears as indicated "by the absence of mutable ^  kernels (Table 
3). The remaining 14 plants out of the 73 pale kernels tested 
show mutable kernels in the progeny indicating the presence of 
En (arrows, column 5. Table 3). 
The progeny ratios arising in tests of the pale kernels 
are dependent on the location of ^  and the particular tester 
used. With the a^^^^^Bt/a^bt tester and one independent 
of the ag locus in the cross r-pa-pu)g^y^^^^ ^ En x 
^^a(z^Bt/a^bt, a 52.3 norimutable 147.7 mutable ratio is ex­
pected among the Bt progeny (assuming that both 
and respond to ^  and 7% crossing over between ag and 
bt—see Figure 6b, section A, column 8). 
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Female parental Male parental 
homologues Frequency (%) of events homologue 
1 2 3 
En 
a^Bt, En ( 1.75) 
a^Bt, ± ( 1.75) 
a^bt. En (23.25) 
a^bt. + (23.25) 
% 
% 
^ ( 1.75) 
^_«(r-pa-pu) a-°'<r-P»-P»)Bt. En (23.25) Bt 
.• X bt ± m.25) z X .t 
Figure éb. Percentage of mutable ^  kernels expected from the 
cross of 8 ™^ r-pa-pu^g-t/a^bt, En x a^™^ Bt/a^bt 
(A) is both the and alleles 
respond to ^  and (B) if either the ^ 2^^ r-pa-pu) 
or allele, but not both, responds to En 
( a 2 ^ ^ ^ " u s e d  a s  a n  e x a m p l e )  w i t h  s e v e n  p e r ­
cent crossing over between Sg ^ 
106a 
Frequency (%) % Mutable Bt/ 
of events Frequency (%) of progeny Total Bt 
4 5 6 7 8 9 
A B 
a^°^^^Bt (46.5) a„°^(r"Pa-P^)Bt/a,°^(r^Bt. En (.108) 14.41 14.41 
a^ Bt ( 3.5) a^°^(r"P^-Pu)Bt/a„Bt, En (.0081) 1.08 1.08 
a^ bt (46.5) ^^m(r-pa-pu)g^^ a bt. En (.108) 14.41 14.41 
/bt ( 3.5) m ( r ~ p a - p u ) ,  E n  ( . 0 0 8 1 )  1 . 0 8  1 . 0 8  
^^m(r-pa-pu)g^y^^m(r)g^ g Q 
^^m(r-pa-pu)g^y^^g^ (.0081) 0 0 
^^m(r-pa-pu)g^y^^^^ (.108) 0 0 
a^ m(r-pa-pu)^ y^^ i^n(r)^  ^ (.008) 0 0 
a^Bt/a^™(^^Bt. En (.0081) 1.08 0 
a,Bt/a^Bt, En (-0006) 0 0 
a^Bt/a.bt, En (.0081) 0 0 
a^Bt/a^™(^^bt, En (.0006) 0.08 0 
a^Bt/aT^^^Bt (.0081) 0 0 
a^Bt/a^Bt (.0006) 0 0 
a^Bt/a„bt (.008) 0 0 
a.Bt/a^™(^)bt (.0006) 0 0 
âgk£./â^ l5s£.. En (.108) 14.41 0 
a^bt/a.Bt, En (.0081) 0 0 
a^bt/a^bt. En (.108) 0 0 
a^bt/a_™("^bt. En (.0081) 0 0 
a_bt/a^™(^\t (.108) 0 0 
a.bt/a.Bt (.008) 0 0 
a^bt/a^bt (.108) 0 0 
a.bt/a^°^(^)bt (.008) 0 0 
Flg-ure 6b, (Continued) 
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Frequency (%) °k Mutable Bt/ 
of events Frequency (%) of progeny Total Bt 
4 5 6 7 S 9 
A B 
^^m(r-pa-pu)^^y^^m(r)g^^ ^  (.0081) 1.08 1.08 
a.'°(r-Pa-P")bt/a^Bt, En (.0006) 0.08 0.08 
a."^(r"Pa-Pu)bt/a^bt, En (.0081) 0 0 
ni(r-pa-pu)^^/^jn(r-pa-pu)^^. En 0 0 
^ 2 (,0006) 
^_m(r-pa.pu)^^y^^m(r)g^ ^ 0 0 
^^m(r-pa-pu)^^y^^g^ (.0006) 0 0 
a.°^ (r"Pa-P")bt/a^ bt (.0081) 0 0 
.>(r-Pa-pu)^ ^^ ;^ (r)^  ^ (0006) 0 0 
100 47.7 32.1 
Figure 6Td, (Continued) 
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Of the l4 crosses (Table 3) with mutable kernels among 
the progeny, 13 of the 14 deviate significantly from the ex­
pected 52.3«^7*7 ratio. In each of these instances the ear 
cultures contained a deficiency of mutable Bt kernels. 
In the instance where there is one independent En and 
only one En-responding allele, a 67.9 nonmutablet32.1 mutable 
ratio is expected among the ^  progeny (Figure 6b, section B, 
column 9)• Among the crosses (Table 3)» 13 of the 14 ear cul­
tures deviated significantly from the expected 67.9 nonmutable 
Bt:32.1 mutable Bt ratio where only one En-responding allele is 
present. Of these 13 cultures, one (No. 45, Table 3) had an 
excess of mutable progeny and the remaining were deficient in 
the mutable progeny class. 
According to the proposed hypothesis to explain the con­
trol of mutability at , the allele 
expresses either a pale or colorless phenotype without En. 
The 14 Bn-containing kernels (Table 3) are considered excep­
tions if a pale phenotype is expressed by ^ 2^^r-pa-pu) ^ ^hout 
En, It will be demonstrated later, however, that these l4 
exceptional crosses can be explained as resulting from a reac­
tivation of En activity not expressed in the pale kernels in 
the previous generation and thereby consistent with the hy­
pothesis that pale kernels result from the expression of 
^^m(r-pa-pu) 
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The Colorless Class 
From the crosses listed in Table 1 and Figure 3 (Materials, 
Methods and Symbols), colorless Bt kernels arose. Some color­
less ^  progeny (approximately 7^) are expected to arise by 
crossing over between ^  and Bt. However, in the crosses 
listed in Table 1 each ear culture shows a frequency of color­
less Bt kernels that exceeds 7% (23*9 to 40.8#). 
If colorless ^  kernels result from the expression of 
^^m(r-pa-pu) the absence of En they would not be expected 
to contain Colorless kernels selected from the crosses 
of Table 1 and Figure 3 were tested for En and these results are 
given in Table 4. Each parent testcross ear (Table 4, column 
2 ) segregated colorless ^  progeny, with and without as 
indicated by the presence or absence of mutable progeny, in 
the crosses listed in Table 4 with one exception (*6 4612-14). 
Plants tested (59-'^5* Table 4) from the testcross ear of Plant 
' 6 4612-14 all contain En. 
In order to determine the location of En in the colorless 
Bt kernels, mutable Bt kernels are selected from the progenies 
of plants from En -containing colorless ^  kernels ( ear cul­
tures 1, 7, 19. 22, 27, 28, 34, 35. 36. 44, 52, 54, 55, 6o, 
6l, 63 and 64, Table 4). En could be linked at a variable 
distance from the ag locus or Independent of ag In these 
mutable kernels. If ^  is located at or linked to the color­
less ag allele, more of the mutable ^  kernels resulting from 
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the crosses listed in Table 4 are expected to be a^Bt/a^^^^^Bt, 
En than ^^Bt/a^bt. En. The closer the linkage of ^  to 
the greater disproportionate number of mutable (a^Bt/ 
a2^^^^Bt, En) kernels are expected from the crosses listed in 
Table 4. If En is independent of the ag locus, equal numbers 
of mutable ( ^ and ap^^^^Bt/apbt, En) kernels 
are expected. 
The genotype of the mutable kernels is detected by the 
percentage of ^  kernels present in subsequent testcrosses of 
these kernels; approximately one-half of the progeny of 
^ 2 ° ^ ^ ^ ^ B t / a p b t ,  E n  x  a ^ b t / a ^ b t  c r o s s e s  c o n s i s t  o f  ^ 2 — 2 —  
kernels while no a^bt/a^bt progeny result from testcrosses of 
açBt/a^^^^^^Bt, Sn plants. The results of testcrosses to 
determine the genotsrpe of mutable kernels selected from the 
progenies of plants from En-containlng colorless Bt kernels 
(Table 4) are shown in Table 5* 
There. Is no evidence of linkage between ^  and ag in any 
of the plants from En-contalnlng colorless ^  kernels although 
the numbers of mutable progeny kernels testcrossed in Table 5 
from each plant are small. For each group of progeny tested 
from En-containing colorless Bt kernels the testcrosses listed 
in Table 5 indicate a^^^^^Bt/açbt, En mutable kernels are as 
frequent or more frequent than ^ 2—' En kernels. 
If ^  is located independently of the ag locus, test-
crosses of a^^^^^Bt/a^bt, En plants (Table 5) are expected to 
result in a ratio of 53*5 nonmutable Bt:46.5 mutable Bt kernels 
Table 5. Testcrosses of plants from mutable ^  kernels of a^ Bt/ 
a^bt. En (A) and a_™ Bt/a^Bt, En (B) genotypes, selected from 
crosses (Table 4) of plants from colorless Bt kernels containing 
En (a^Bt/a^^, En x ^ Bt/a^^ and Bt/a^™ ^ Bt), to de­
termine the location of En (plants from the same source are sibs) 
Number of Bt kernels 
Geno- Color-
No. Plant no. type Source Mutable less Colored Total 
1  2  3 4  5 6 7 8  
1 9 2507-3 A No. 7 0 52 0 52 
2 -4 A 23 150 0 173 
3 -5 A 52 48 0 100 
4 -6 A 56 88 0 144 
5 -7 B 165 209 0 374 
6 -9 A 162 15 0 177 
7 9 2508-1 B No. 1 10 246 0 256 
8 -2 A 18 25 0 43 
9 -3 A 1 26 0 27 
10 -4 A 17 19 0 36 
11 -5 A 56 86 0 142 
12 -6 A 33 182 0 215 
13 -7 A 13 107 0 120 
14 -8 B 25 328 0 353 
15 9 2509-1 A No. 22 44 61 0 105 
16 -2 A 2 156 0 158 
17 -3 B 42 143 0 185 
18 -4 B 128 230 0 358 
19 -5 B 123 365 0 488 
20 -6 A 59 80 0 139 
21 9 2510-1 A No. 19 96 89 0 185 
22 -6 A 3 123 0 126 
23 9 2511-3 A No. 54 0 136 0 136 
24 -5 B 168 287 0 455 
25 -7 B 82 80 0 162 
26 -8 A 83 113 0 196 
^The first digit of the plant no. designates the year 1959. 
^ns = nonsignificant in difference. 
**Significantly different at .01 level. 
^Significantly different at .05 level. 
Ill 
No. of ^  kernels 2 
Mutable X for nonmutable Bt imitable Bt segregation of: 
Bt/Total Muta- Color-
Bt % ble less 53.5:46.5 30.25:69.75 3:1 62.5:37.5 
9 10 11 12 13 14 15 
0 0 48 
13.2 2 189 75.345** 
52.0 2 104 1.004ns 
38.8 0 158 3.054ns 
44.1 0 0 
91.5 5 175 
3.9 0 0 
41.8 1 38 0.208ns 
3.7 0 27 18.194** 
47.2 0 37 0 ns 
39.4 1 145 2.570ns 
15.3 0 201 82.617** 
10.8 0 126 59.936** 
7.0 0 0 
41.9 0 91 0.716ns 
1.2 2 148 128.140** 
22.7 0 0 
35.7 0 0 
25.2 3 0 
42.4 3 125 0.762ns 
51.8 0 196 1.950ns 
46.9* 62 70 0.001ns 
0 0 132 
36.9 0 0 
50.6 0 0 
42.3 3 169 1.197ns 
6.708** 
38.752** 
59.630** 
59.490** 
0.405ns 
0.003ns 
0.393ns 
0.042ns 
11.339** 
Table 5. (Continued) 
Number of Bt kernels 
Geno- Color-
No. Plant no. type Source Mutable less Colored Total 
1  2  3 4  5 6 7 8  
27 9 2512-1 B No. 55 84 281 0 365 
28 -2 B 59 400 6 465 
29 -3 A 54 84 0 138 
30 -4 A 92 98 0 190 
31 9 2513-3 A No. 36 34 58 0 92 
32 -5 A 53 62 0 115 
33 -7 A 71 66 0 137 
34 —8 B 43 269 0 312 
35 -9 A 142 92 0 234 
36 9 2514-1 A No. 35 127 43 0 170 
37 -3 B 159 178 0 337 
38 -6 B 66 101 0 167 
39 9 2515-1 A No. 34 24 27 0 51 
40 -5 B 41 108 0 149 
41 -7 A 36 66 0 102 
42 -8 A 60 84 0 144 
43 -9 A 37 72 0 109 
44 -10 B 110 337 0 447 
45 -11 B 55 243 0 298 
46 9 2516-1 B No. 44 72 245 0 317 
47 -2 B 84 193 0 277 
48 -4 A 39 47 0 86 
49 -5 B 84 185 0 269 
50 -7 B 70 285 0 355 
51 —8 A 47 43 0 90 
52 -9 B 38 137 0 175 
53 -11 A 29 33 0 62 
54 9 2517-1 A No. 27 1 172 0 173 
55 -3 B 64 258 0 322 
56 -6 A 2 112 0 114 
57 -7 A 19 169 0 188 
58 —8 A 2 110 0 112 
59 -10 A 19 153 0 172 
60 9 2518-1 A No. 28 28 45 0 73 
61 -4 B 5 242 0 247 
62 -5 A 55 120 0 175 
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No. of ^  kernels 2 
Mutable X for nonmutable ^ imutable segregation of: 
Bt/Total Muta- Color-
Bt % ble less 53.5:46.5 30.25:69.75 3:1 62.5:37.5 
9 10 11 12 13 14 15 
23.0 0 0 0.665ns 
12.6 0 0 36.938** 
39.1 1 121 2.723ns 
48.4 1 158 0.209ns 
36.9 1 96 2.995ns 
46.0 2 103 0 ns 
51.8 1 156 1.354ns 
13.7 0 0 20.346** 
60.0 2 240 18.357** 8 .691** 
74.7 4 186 1 .750ns 
47.1 0 0 
30.5 0 0 
47.0 1 50 0 ns 
27.5 0 0 0.378ns 
35.2 3 102 5.103* 
41.6 1 109 1.164ns 
33.9 3 97 6.410* 
24.6 0 0 0.018ns 
18.4 0 0 6.460* 
22.7 0 0 0.766ns 
30.3 0 0 3.909* 
45.3 6 88 0.011ns 
31.2 0 0 5.235** 
19.7 0 0 5.003* 
52.2 3 89 0.965ns 
21.7 0 0 0,840ns 
46.7 6 60 0 ns 
0.5 0 160 144.809** 
19.8 0 0 4.240* 
1 . 7  0 135 89.958** 
10.1 0 193 98.634** 
1.7 0 99 88.224** 
11.0 0 152 85.484** 
38.3 1 85 
2.0 0 0 
31.4 7 152 
1.632ns 
15.378** 
13.065** 
0.211ns 
5.782* 
4.252* 
68.319** 
Table 5. (Continued) 
Number of Bt kernels 
No. 
1 
Plant no. 
2 
Geno­
type 
3 
Source 
4 
Mutable 
5 
Color­
less 
6 
Colored 
7 
To ta: 
8 
63 9 2518-6 A No. 28 54 52 0 106 
64 -8 A 4 121 0 125 
65 -9 B 16 256 0 272 
66 9 2519-1 A No. 60 54 55 0 109 
67 -2 A 27 37 0 64 
68 -3 A 36 39 0 75 
69 -4 A 59 76 0 135 
70 -5 A 83 66 0 149 
71 -7 A 85 49 0 134 
72 -8 A 52 71 0 123 
73 -11 B 138 218 0 356 
74 -12 A 85 46 0 131 
75 9 2520-1 A No. 61 66 64 0 130 
76 -2 B 53 128 0 181 
77 -3 A 143 159 0 302 
78 -4 A 127 134 0 261 
79 -5 A 74 84 0 158 
80 9 2521-1 B No. 64 89 288 0 377 
81 -2 B 24 233 0 257 
82 -3 B 38 72 0 110 
83 -4 A 1 96 0 97 
84 -5 A 42 74 0 116 
85 9 2522-4 A No. 63 101 39 0 140 
86 -5 A 122 27 0 149 
87 9 2523-1 B No. 52 15 397 0 412 
88 -2 B 3 167 0 170 
89 -3 A 123 72 0 195 
90 -4 B 57 141 0 198 
91 -5 A 54 61 0 115 
92 -6 A 41 90 0 131 
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No. of ^  kernels 2 
Mutable X for noninutable Bt;mutable Bt segregation of: 
Bt/Total Muta- Color-
Bt 7o ble less 53.5:46.5 30.25:69.75 3:1 62.5:37.5 
9 10 11 12 13 14 15 
50.9 3 122 0.672ns 
3.2 0 112 92.473** 
5.8 0 0 52.004** 
49.5 9 108 0.292ns 
42.1 3 66 0.320ns 
48.0 4 59 0.020ns 
43.7 10 133 0.319ns 
55.7 7 144 4.711* 13.273** 
63.4 7 167 2.243ns 
42.2 6 123 0.702ns 
38.7 0 0 
64.8 10 138 1.247ns 
51.5 0 128 1.140ns 
29.2 0 0 : 1.548ns 
47.3 3 237 0.057ns 
48.6 0 255 0.406ns 
46.8 2 129 0.001ns 
23.6 0 0 0.319ns 
9.3 0 0 32.789** 
34.5 0 0 
1.0 0 88 78.694** 
36.2 3 142 4.535* 
72.1 3 157 0.274ns 
81.8 9 92 9.822** 
3.6 0 0 99.110** 
1.7 0 0 47.110** 
63.0 3 190 3.805ns 
28.7 0 0 1.319ns 
46.9 0 104 0.001ns 
31.2 2 142 11.566** 
0.191ns 
0.293ns 
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in the progenies (Figure 6c, section A, column 4). If two 
En's, independent of each other, are present, a ratio of 30.25 
nonmutable Bt:69.75 mutable Bt is expected in the progeny 
kernels (Figure 6c, section B, column 4). If ^  is located 
Independently of the locus, testcrosses of a^Bt/a^^^^^Bt, En 
plants in Table 5 are expected to yield a ratio of three non-
mutable 1 one mutable in the progeny kernels (Figure 6d, section 
A, column 4). If two s independent of each other, are 
present, a ratio of 62.5 nonmutable:37*5 mutable is expected 
(Figure 6d, section B, column 4) . 
Many a^Bt/a^^^^^Bt, En x a^bt/a^bt and En x 
a^bt/apbt crosses (e.g., 2, 7, 9, 12, 13 and 14, Table 5) In­
dicate a deficiency of mutable Bt progeny from the expected 
frequencies of kernel types if En is independent of the ag 
locus. The low frequency of mutable progeny in the a^Bt/ 
a^n(r)Bt, gg % aobt/a^bt crosses could occur from linkage of 
Bn with ag where mutable progeny would have to result from 
crossing over between ^  and a^^^\ The expected percentage 
of mutable progeny ranges from 0 (En at the ag locus) to 
46*5^ independent of the ag locus, Figure 6c, section A, 
column 4), dependent on the closeness of ^  and ag linkage. 
T h e  l o w  f r e q u e n c y  o f  m u t a b l e  B t  p r o g e n y  f r o m  ^  ^ ^  
X a^bt/a^Pt crosses would not be expected to result from link­
age between ag and En in most crosses since ag was present in 
the pollen parent in the previous generation and En was present 
in the female parent. 
Figure 6c. Percentages of mutable % kernels expected in 
testcross progenies of (A) a.^f^^Bt/a^bt, En 
(or r-pa-pu)gn) and (B) 
apbt. En, ^  (or Bt/a^bt, En, En) 
plants if ^(s) is located independently of the 
SLg locus and seven percent crossing over between 
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Parental % î&itable 
homologues Frequency (%) of events Bt/Total Bt 
1 2 3 4 
A. One En Bt a^^^^^Bt. En (23.25) 46.5 
V a^ 2^ , ± (23.25 ) 0 
% — a ^ B t .  E n  (  1 . 7 5 )  0  
En 
B. Two En a Bt 
(independent 
of each other) Z âg, /\ b t 
En 
En 
agBt, ± ( 1.75) 0 
a^bt. En (23.25) 0 
a^bt, + (23.25) 0 
a^°^^^bt. En ( 1.75) 0 
a^°^(^\t, + ( 1.75) 0 
100 46.5 
E= , En (11.625 23. 25 
» + (11.625) 23. 25 
±, En (11.625) 23. 25 
+. + (11.625) 0 
a2Bt, En, En ( .875) 0 
a^Bt, En, + ( .875) 0 
a^Bt, +, En ( .875) 0 
a^Bt, +. + ( .875) 0 
a„bt. En, En (11.625) 0 
a„bt. En, + (11.625) 0 
a^bt, +, En (11.625) 0 
a^bt, +, + (11.625) 0 
a^^^'^^bt. En, , En ( .875) 0 
a.^^'^^bt. En, + ( .875) 0 
a:=(::)bt, +. En ( .875) 0 
ay::)bt, +, + ( .875) 0 
100 69.75 
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Parental % Mutable 
homologues Frequency (%) of events Bt/Total Bt 
1 2 3 4 
I 
B. Two En a^(j) Bt 
(independent ^ ^ 
of each other) /\ Bt 
En 
+ 
En 
+ 
A. One En a.Bt, En (25) 0 
a. A Bt a^, ± (25) 0 
En aJ^f^^Bt, En (25) 25 
± a.*(r)Bt, ± {2^  _0 
100 25 
a^Bt, En, En (12.5) 0 
a^Bt, En, + (12.5) 0 
a^Bt, +, En (12.5) 0 
a^Bt, +, + (12.5) 0 
a.*(^)Bt, En. 
. En (12.5) 12.5 
aJ°(f)Bt, En, 
. ± (12.5) 12.5 
+. En (12.5) 12.5 
+. + (12.5) 0 L 
100 37.5 
Figure 6d. Percentages of mutable Bt kernels expected in 
testcross progenies of (A) a^Bt/a^™^^^Bt, En and 
(B) a^Bt/a^^^^^Bt, En, En plants if En(a) is 
located independently of the a^ locus 
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However, subsequent tests, discussed In a later section, 
demonstrated that most of the ^^Bt, En x a^bt/a^bt 
and a^^^^^Bt/a^bt, En x a^bt/a^bt crosses in Table 5 with a 
low frequency of mutable Bt progeny resulted from an altered 
En that expressed reduced activity although linkage of En with 
the ag locus remained a possibility in some crosses. 
The crosses listed in Tables 2, 3» 4, and 5 were executed 
to support the hypothesis that an independent factor controls 
mutability at the r-pa-pu) aiigig, in the presence of this 
factor, ^ 2™^r-pa-pu) expresses pale, purple and colorless 
sectors in a colorless background in the aleurone; in the 
absence of this factor, a uniform pale and (or) colorless 
phenotype is expressed. 
The results from the r-pa-pu)^ En testcrosses 
listed in Table 2 are suggestive that an Independent factor 
controls mutability at .  Some crosses ( 2 ,  4, 9 ,  
12, l6, 17 and 20, Table 2) yield nonmutable Bt:mutable Bt 
ratios of progeny kernels which agree with the expected 53«5 
nonmutable Bt:46.5 mutable Bt ratio for one independent factor 
(Figure 6a, section B , column 5 ) »  All crosses ( 1 ,  3, 5 f  6, 7 ,  
8, 10, 15, 18 and 19, Table 2) which significantly deviate 
from the 53»5j^6.5 ratio show a deficiency of the mutable 
Bt class. 
This deficiency of mutable ^  kernels in crosses of Table 
2 may be explained as resulting from the inability of the 
independent factor when present with to induce 
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mutability in some progeny kernels. Within the progenies of 
the crosses (Table 2) which indicate a deficiency of mutable 
Bt kernels there is a reciprocity in the frequencies of muta­
ble ^  kernels and pale Bt kernels, A low frequency of mutable 
Bt kernels occurs with a high frequency of pale Bt kernels. 
If the pale phenotype results from ^ 2^^ r-pa-pu) expression in 
the absence of the mutability factor, this Inverse relation­
ship is expected. 
The crosses listed in Table 3 indicate an active En is 
not present in the pale Bt kernel class. This result is ex­
pected if the pale phenotype results from the expression of 
^2ni(i'-pa-pu) without the mutability factor and if this factor 
is En. 
The crosses listed in Table 4 indicate En is present in 
some colorless Bt kernels and absent in others, suggesting 
En segregates among the colorless Bt kernel class in 
a^m(r-pa-pu)^ En x a^bt/a^bt crosses. The results of 
crosses listed in Table 5 suggest En is located independently of 
the a^2 locus in most of the En-containing colorless Bt kernels. 
The presence of ^  in colorless Bt kernels indicates 
that if an independent ^  controls mutability at ag^^r-pa-pu) 
the absence of ^  with r-pa-pu) ^ oes not result in a 
colorless phenotype. 
The results of the crosses listed in Tables 2, 3, 4 and 
5 are consistent with the hypothesis that an Independent factor 
induces mutability at the ^ 2^^ aHele; in the absence 
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of this factor, ag in(r-pa-pu) expresses a pale phenotype. 
However, to demonstrate that En is the factor inducing muta-
Tables 2, 3, 4, and 5, the following kernel types are utilized. 
Mutable, pale and colorless Bt and colorless ^  kernels (Table 
2, columns 4, 5, 6, and 11) are selected from each of several 
testcrosses (1, 3# 5» 6, 7, 9, 10, 11, 12, 13, l4, l6, 17, 
19, 20, and 21, Table 2) and the following crosses executed; 
(a) Plants from mutable ^  kernels (a^^^r-pa-puïg^y 
a^bt. En) are testcrossed to confirm that mutable Bt and non-
mutable Bt kernels segregate in the expected ratio if an in­
dependent mutability factor is present, 
(b) Plants from mutable Bt kernels (a^^^r-pa-pu) 
a^bt. En) are crossed to an ^  tester ( ^^Bt/a2°^^^^Bt). 
If the independent mutability factor present in mutable 
kernels is one-half of the progeny of these crosses are 
expected to be mutable. Also two types of mutability patterns 
are expected to result in the progenies of a^^^r-pa-pu) 
bllity at ag m(r-pa-pu) to confirm the results shown in 
En X ag Bt/ag Bt crosses. 
^^Bt, kernels are expected to exhibit the mutability 
Y^oAnf -hVi»» m( T-pa—pu) qT T oT <a f fLOoTS/y nal onH Tm7*nT pattern of the ag allele (coarse pale and purple 
sectors in a colorless background), while ag^^^^^/Ê2— * — 
kernels show the mutability pattern of the ag allele 
(purple sectors in a colorless background). 
(c) Plants from pale ^  kernels (ag^^ r-pa-pu)^y) are 
crossed to an ^  tester (a2™^^^Bt/a2™^ ^ ^^) • If the pale 
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phenotype results from the expression of r-pa-pu)the 
absence of the Independent mutability factor and if this factor 
is En, pale kernels are not expected to contain En. 
(d) Plants from pale Bt kernels (r-pa-pu)g^yaçbt) are 
crossed to unrelated plants of either a^bt/a^bt. En or a^bt/ 
a^bt genotype. If the pale phenotype results from the ex­
pression of in the absence of ^^m(r-pa-puXg^y 
a^bt X a^bt/açbt. En crosses should result in mutable kernels 
(^ 2°^  ^r-pa-pu)^  En) which show a pattern of mutability 
identical to that exhibited by the r-pa-pu) How­
ever, r-pa-pu)g^yg^^^ ^  a^bt/a^bt crosses are not expected 
to yield mutable progeny. 
(e) Plants from colorless ^  kernels are crossed to an 
En tester ( ^^Bt/a^^^^^Bt) to confirm that some colorless 
Bt kernels contain others do not. 
(f) Plants from colorless Bt kernels are crossed to unre­
lated plants of either aobt/a^bt. En or a^bt/aobt genotype to 
confirm that colorless Bt kernels do not respond to En. 
(g) Plants from colorless ^  kernels (^2—/êg—^ are 
crossed 'to an ^  tester . If one En is 
segregating independently of in ag^^^r-pa-pu) 
apbt. En x a^bt/acbt crosses, one-half of the a^bt/a^bt progeny 
are expected to contain En. 
The results (a), (b), (c), (d), (e), (f), and (g) are 
shown in Tables 6a and 6b, 
Table 6a, Analysis of testcross progeny of plants from mutable Bt kernels 
of a^°(^^"P^"P^)Bt/a»bt, En genotype: (a) testcrosses of plants 
from mutable ^  kernels; (b) mutable Bt, (c) pale Bt, (e) color­
less Bt, and (g) colorless bt are crosses of selected kernel 
types to the En tester (plants from the same 
source are slbs) 
Number of kernels 
Type 
Female of Muta- Color- Col-
No. plant no. cross Source ble Pale less ored Total 
1  2  3 4  5 6 7 8 9  
1 9 2101-1 a Table 2 0 91 
a 0 91 
2 -2 No. 7 0 160 - 0 160 
Col. 4 
3 9 2101-3 b 7 111 128 0 246 
4 -4 5 152 161 0 318 
5 -5 71 82 70 0 223 
6 9 2102-1 c Col, 5 0 84 91 0 175 
7 -3 0 125 132 0 257 
8 -4 1 69 61 0 131 
9 -5 0 178 190 0 368 
10 -7 0 148 139 0 289 
11 -10 0 109 115 0 224 
12 -11 0 121 110 0 231 
13 9 2103-1 e Col. 6 1 0 228 0 229 
14 -2 0 0 149 0 149 
15 -4 0 0 321 0 321 
16 -5 0 0 113 0 113 
17 "6 3 0 121 0 124 
18 -7 0 0 141 0 141 
19 9 2104-1 S Col. 10 0 0 109 0 109 
20 -2 2 0 222 0 224 
21 -3 0 0 216 0 238 
22 -4 0 0 328 0 328 
23 -5 1 0 88 0 89 
24 -6 0 0 238 0 238 
=f included in the pale column, 
**Significantly different at ,01 level. 
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Statable NO. of bt kernels ^ no^table B£:«itable Bt 
— segregation of; 
Total Muta- Color- 30.25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
0 0 0 62 
0 0 3 168 
2.8 0 0 0 216.914** 
1.5 0 0 0 296.380** 
31.8 0 0 0 29.699** 
0 0 0 0 
0 0 0 0 
0.7 0 0 0 104.212** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0.4 0 0 0 223.031** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2.4 0 0 0 110.395** 
0 0 0 0 
0 0 0 0 
0.8 0 0 0 214.111** 
0 0 0 0 
0 0 0 0 
1.1 0 0 0 83.101** 
0 0 0 0 
Table 6a. (Continued) 
Number of Bt kernels 
No. 
1 
Female 
plant no. 
2 
Type 
of 
cross 
3 
Source 
4 
îfii ta­
ble 
5 
Pale 
6 
Color­
less 
7 
Col­
ored 
8 
Tota 
9 
25 9 2105-1 8 Col. 10 36 0 119 0 155 
26 -2 0 0 276 0 276 
27 -3 122 0 188 0 310 
28 -4 47 0 279 0 326 
29 -5 97 0 139 0 236 
30 9 2106-1 0 0 203 0 203 
31 -2 80 0 541 0 621 
32 -3 0 0 246 0 246 
33 -4 20 0 176 0 196 
34 -5 69 0 183 0 252 
35 -6 97 0 105 0 202 
36 9 2107-1 38 0 241 0 279 
37 -2 0 0 221 0 221 
38 -3 0 0 209 0 209 
39 -4 6 0 311 0 317 
40 -5 0 0 79 0 79 
41 -6 0 0 82 0 82 
42 -7 0 0 181 0 181 
43 -8 25 0 229 0 254 
44 9 2108-1 a No. 19 144 1 28 1 174 
45 -2 Col. 4 17 35 - 0 52 
46 9 2108-4 b 198 211 4 413 
47 -5 157 20 20 0 197 
48 9 2109-1 c Col. 5 0 129 141 0 270 
49 -2 0 101 96 0 197 
50 -3 0 209 196 0 405 
51 -4 0 99 112 0 211 
52 -5 0 232 211 0 443 
53 -7 0 161 153 0 314 
54 9 2110-1 e Col. 6 0 0 248 0 248 
55 -2 0 0 387 0 387 
ns = nonsignificant in difference. 
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Mutable No. of bt kernels ® nonstable B£:mutable Bt 
— segregation of; 
Total îfiita- Color- 30.25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
23.2 0 0 0 43.390** 
0 0 0 0 
39.3 0 0 0 13.621** 
14.4 0 0 0 163.684** 
41.1 0 0 0 7.122** 
0 0 0 0 
12.8 0 0 0 340.740** 
0 0 0 0 
10.2 0 0 0 122.576** 
27.3 0 0 0 50.670** 
48.0 0 0 0 0.242ns° 
13.6 0 0 0 146.250** 
0 0 0 0 
0 0 0 0 
1.8 0 0 0 291.533** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
9.8 0 0 0 162.240** 
82.7 6 0 192 
32.6 0 0 44 
47.9 0 0 0 
79.6 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
13.345** 
3.449ns 
0.619ns 
2.072ns 
Table 6a. (Continued) 
Number of Bt kernels 
No. 
1 
Female 
plant no. 
2 
Type 
of 
cross Source 
3 4 
Muta­
ble 
5 
Pale 
6 
Color­
less 
7 
Col­
ored 
8 
Tota: 
9 
56 9 2110-3 e Col. 6 97 0 73 0 170 
57 -4 147 0 180 0 327 
58 -5 80 0 87 0 167 
59 -6 61 0 70 0 131 
60 -8 0 0 259 0 259 
61 -9 0 0 228 0 228 
62 9 2111-1 g Col. 10 0 0 178 0 178 
63 -2 166 0 162 0 328 
64 -3 153 0 133 0 286 
65 -4 0 0 414 0 414 
66 -5 0 0 191 0 191 
67 -6 0 0 276 0 276 
68 -7 0 0 248 0 248 
69 -8 0 0 228 0 228 
70 9 2112-1 0 0 289 0 289 
71 -2 194 0 194 0 388 
72 -3 118 0 47 0 165 
73 -4 0 0 32 0 32 
74 -5 0 0 103 0 103 
75 -6 98 0 116 0 214 
76 -7 91 0 75 0 166 
77 -13 0 0 312 0 312 
78 9 2113-1 0 0 259 0 259 
79 -2 138 0 6 0 144 
80 -3 0 0 368 0 368 
81 -4 86 0 283 0 369 
82 -5 57 0 38 0 95 
83 -6 54 0 44 0 98 
84 9 2114-1 0 0 214 0 214 
85 -2 149 0 186 0 335 
86 -3 205 0 195 0 400 
87 -4 0 0 209 0 209 
88 -5 0 0 119 0 119 
89 -6 0 0 197 0 197 
•Significantly different at .05 level. 
Bt 
10 
57.0 
44.9 
46.7 
46.5 
0 
0 
0 
50.6 
53.4 
0 
0 
0 
0 
0 
0 
50.0 
71.5 
0 
0 
45.7 
54.8 
0 
0 
95.8 
0 
23.3 
60.0 
55.1 
0 
44.4 
51.2 
0 
0 
0 
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2 
X for a noimnitable Bt imitable Bt 
segregation of: No. of bt kernels 
îfiita- Color-
ble Pale less 
11 12 13 
30.25: 
53.5:46.5 69.75 
14 15 
1:1 1:3 
16 17 
0 0 0 3.111ns 
0 0 0 8.131ns 
0 0 0 0.361ns 
0 0 0 0.488ns 
0 0 0 
0 0 0 
0 0 0 
0 0 0 0.027ns 
0 0 0 1.262ns 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 0 ns 
0 0 0 0.890ns 
0 0 0 
0 0 0 
0 0 0 1.350ns 
0 0 0 1.355ns 
0 0 0 
0 0 0 
0 0 0 32.280** 
0 0 0 
0 0 0 104.108** 
0 0 0 3.410ns 10.614** 
0 0 0 0.826ns 
0 0 0 
0 0 0 3.868* 
0 0 0 0.202ns 
0 0 0 
0 0 0 
0 0 0 
Table 6a , (Continued) 
Number of Bt kernels 
Type 
Female of Muta- Color- Col-
No, plant no. cross Source ble Pale less ored Total 
1  2  3 4  5 6 7 8 9  
90 9 2114-7 g Col. 10 179 0 196 0 375 
91 —8 89 0 97 0 186 
92 -9 0 0 179 0 179 
93 -10 154 0 154 0 308 
94 -11 37 0 39 0 76 
95 9 2115-1 a No. 17 14 48 . 0 62 
96 -2 Col. 4 18 144 - 0 162 
97 -3 32 88 — 0 120 
98 9 2115-4 b 220 121 109 0 450 
99 -5 159 68 75 0 300 
100 9 2116-1 c Col. 5 0 186 174 0 36 
101 -2 0 98 91 0 189 
102 -3 1 146 138 0 285 
103 9 2117-1 6 Col. 6 127 0 137 0 264 
104 -2 148 0 150 0 298 
105 -3 173 0 203 0 376 
106 -4 0 0 248 0 248 
107 -5 91 0 110 0 201 
108 •6 217 0 235 0 452 
109 9 2118-1 g Col. 10 146 0 181 0 327 
110 -2 170 0 198 0 368 
111 -3 0 0 241 0 241 
112 -4 189 0 185 0 374 
113 -5 0 0 318 0 318 
114 -6 0 0 267 0 267 
115 -7 94 0 151 0 245 
116 -8 0 0 291 0 291 
117 9 2119-1 92 0 78 0 170 
118 -2 0 0 368 0 368 
119 -3 75 0 70 0 145 
120 -4 0 0 213 0 213 
130 
Ratable 
Bt/ 
No. of bt kernels for a nonmutable Bt :inatable Bt 
segregation of: 
Total Muta­ Color­ 30.25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
47.7 0 0 0 0.682ns 
47.8 0 0 0 0.263ns 
0 0 0 0 
50.0 0 0 0 0 ns 
48.6 0 0 0 0.013ns 
22.5 1 4 56 13.313** 
11.1 2 5 156 80.137** 
26.6 3 0 117 18.185** 
48.8 0 0 0 0.180ns 
53.0 0 0 0 0.963ns 
0 0 0 0 
0 0 0 0 
0.3 0 0 0 279.031** 
48.1 0 0 0 0.306ns 
49.6 0 0 0 0.003ns 
46.0 0 0 0 2.236ns 
0 0 0 0 
45.2 0 0 0 1.611ns 
48.0 0 0 0 0.639ns 
44.6 0 0 0 3.535ns 
46.1 0 0 0 1.980ns 
0 0 0 0 
50.5 0 0 0 0.024ns 
0 0 0 0 
0 0 0 0 
38.3 0 0 0 12.800** 
0 0 0 0 
54.1 0 0 0 0.994ns 
0 0 0 0 
51.7 0 0 0 0.110ns 
0 0 0 0 
Table 6à. (Continued) 
Number of Bt kernels 
Type 
Female of Muta­ Color­ Col­
No. plant no. cross Source ble Pale less ored Tota 
1 2 3 4 5 6 7 8 9 
121 9 2120-1 g Col. 10 0 0 346 0 346 
122 -2 178 0 223 0 401 
123 -3 0 0 279 0 279 
124 -4 74 0 108 0 182 
125 -5 44 0 27 0 71 
126 -6 2 0 319 0 321 
127 -7 74 0 131 0 205 
128 9 2121-1 0 0 298 0 298 
129 -2 0 0 321 0 321 
130 -3 164 0 289 0 453 
131 -4 0 0 261 0 261 
132 -5 0 0 288 0 288 
133 -6 66 0 64 0 130 
134 -7 69 0 68 0 137 
135 9 2122-1 a No. 5 1 24 . 0 25 
Col. 4 
136 9 2122-2 b 10 132 149 0 291 
137 -3 1 109 97 0 207 
138 -4 4 162 151 0 317 
139 9 2123-1 c Col, 5 0 226 214 0 440 
140 -2 0 172 184 0 356 
141 -3 3 222 211 0 436 
142 -4 0 201 196 0 397 
143 -5 0 161 176 0 337 
144 -8 0 149 159 0 308 
145 9 2124-1 e Col. 6 7 0 298 0 305 
146 -2 0 0 341 0 341 
147 -3 0 0 289 0 289 
148 -4 0 0 131 0 131 
149 9 2125-1 g Col. 10 0 0 213 0 213 
150 -2 0 0 349 0 349 
151 -3 4 0 246 0 250 
152 -4 1 0 303 0 304 
0 
44.3 
0 
40.6 
61.9 
0.6 
36.0 
0 
0 
36.2 
0 
0 
50.7 
50.3 
4.0 
3.4 
0.4 
1.2 
0 
0 
0.6 
0 
0 
0 
2.2 
0 
0 
0 
0 
0 
1.6 
0.3 
132 
2 
„ J. - ^ , X for a notumitable Btcnnitable Bt 
so. of bt kernels seereeation Sf= ~ 
Muta- Color- 30,25 : 
ble Pale less 53.5:46.5 69.75 1:1 1:3 
11 12 13 14 15 16 17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4.827* 
5.983* 
3.605ns 
311.077** 
15.297** 
7.734** 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
33.942** 
0.007ns 
0 ns 
21 16.483** 
0 
0 
0 
0 
0 
0 
0 
0 
0 
250-515** 
201.043** 
299.255** 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
422.112** 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
275.787** 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
232.334** 
987.029** 
Table 6a. (Continued) 
Number of Bt kernels 
Type 
Female of Muta­ Color­ Col­
No. plant no. cross Source ble Pale less ored Tota 
1 2 3 4 5 6 7 8 9 
153 9 2126-1 g Col. 10 0 0 142 0 142 
154 -2 0 0 128 0 128 
155 -3 0 0 328 0 328 
156 -4 1 0 397 0 398 
157 -5 2 0 278 0 280 
158 9 2127-1 131 0 237 0 368 
159 -2 20 0 355 0 375 
160 -3 0 0 221 0 221 
161 -4 32 0 313 0 345 
162 9 2128-1 5 0 192 0 197 
163 -2 0 0 246 0 246 
164 -3 1 0 431 0 432 
165 -4 3 0 226 0 229 
166 -5 2 0 411 0 413 
167 -6 12 0 203 0 215 
168 9 2129-2 a No. 6 2 93 13 0 108 
169 -3 Col. 4 6 148 6 0 160 
170 9 2129-4 b 69 118 112 0 299 
171 -5 3 136 128 0 267 
172 -6 191 96 111 0 398 
173 -7 0 139 128 0 267 
174 9 2130-1 c Col. 5 2 196 181 0 379 
175 -4 8 110 107 0 222 
176 -5 8 168 174 0 350 
177 -5 8 192 184 0 384 
178 9 2131-1 e Col. 6 1 0 214 0 215 
179 -2 0 0 209 0 209 
180 -3 11 0 259 0 270 
181 -4 0 0 272 0 272 
182 -5 0 0 103 0 103 
183 -6 0 0 219 0 219 
184 -7 7 0 119 0 126 
185 -8 0 0 237 0 237 
Htttable NO. of bt kernels ^ ^ nommtable Btimitable Bt 
segregation of; 
Bt/ 
Total Muta- Color- 30*25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0.2 0 0 0 392.022** 
0.7 0 0 0 270.089** 
35.5 0 0 0 29.959** 
5.3 0 0 0 297.482** 
0 0 0 0 
9.2 0 0 0 227,246** 
2.5 0 0 0 175.614** 
0 0 0 0 
0.2 0 0 0 426.020** 
1.3 0 0 0 315.213** 
0.4 0 0 0 405.038** 
5.5 0 0 0 169.906** 
1.8 0 2 135 84.755** 
3.7 0 3 157 115.827** 
23.0 0 0 0 85.618** 
1.0 0 0 0 253.183** 
47.9 0 0 0 0.565ns 
0 0 0 0 
0.5 0 0 0 369.065** 
3.6 0 0 0 289.121** 
2.2 0 0 0 316.825** 
2.0 0 0 0 350.752** 
0.4 0 0 0 209.041** 
0 0 0 0 
4.0 0 0 0 225.959** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
5.5 0 0 0 97.785** 
0 0 0 0 
Table 6a. (Continued) 
Number of Bt kernels 
No, 
1 
Female 
plant no. 
2 
Type 
of 
cross 
3 
Source 
4 
Muta­
ble 
5 
Pale 
6 
Color­
less 
7 
Col­
ored 
8 
Total 
9 
186 9 2132-1 g Col. 10 8 0 49 0 57 
187 -2 0 0 238 0 238 
188 -3 0 0 109 0 109 
189 -4 13 0 211 0 224 
190 -5 0 0 231 0 231 
191 -6 44 0 355 0 399 
192 -7 0 0 222 0 222 
193 9 2133-1 22 0 199 0 221 
194 -2 46 0 389 0 435 
195 -3 0 0 331 0 331 
196 -4 124 0 219 0 343 
197 -5 20 0 157 0 177 
198 -6 0 0 248 0 248 
199 -7 29 0 335 0 364 
200 -8 54 0 230 0 284 
201 9 2134-1 201 0 265 0 466 
202 -2 0 0 321 0 321 
203 -3 0 0 278 0 278 
204 -4 0 0 121 0 121 
205 -5 11 0 314 0 325 
206 -6 1 0 149 0 150 
207 -7 11 0 388 0 399 
208 9 2135-1 7 0 198 0 205 
209 -2 2 0 143 0 145 
210 -3 26 0 74 0 100 
211 -4 1 0 98 0 99 
212 -5 36 0 255 0 291 
213 -6 0 0 81 0 81 
214 -7 1 0 249 0 250 
215 -8 71 0 102 0 173 
216 -9 236 0 210 0 440 
217 -10 0 0 70 0 70 
218 9 2136-1 a No. 16 69 90 13 1 173 
219 -2 Col. 4 43 36 4 0 83 
136 
Mutable No. of bt kernels ^ nonmitable B|:«.table Bt 
2^ =: segregation of: 
Total Ifiita- Color- 30,25: 
Bt % ble Pale less 53.5:46,5 69.75 1:1 1:3 
10 11 12 13 14 15 16 1 17 
14.0 0 0 0 38.070** 
0 0 0 0 
0 0 0 0 
5.8 0 0 0 173.259** 
0 0 0 0 
11.0 0 0 0 240.852** 
0 0 0 0 
9.9 0 0 0 140.162** 
10.5 0 0 0 268.882** 
0 0 0 0 
36.1 0 0 0 25.760** 
11.2 0 0 0 104.497** 
0 0 0 0 
7.9 0 0 0 255.563** 
19.0 0 0 0 107.834** 
43.1 0 0 0 8.517** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
3.3 0 0 0 280.627** 
0.6 0 0 0 140.061** 
2.7 0 0 0 354.325** 
3.4 0 0 0 176.097** 
1.3 0 0 0 135.172** 
26.0 0 0 0 22.090** 
1.0 0 0 0 92.090** 
12.3 0 0 0 163.312** 
0 0 0 0 
0.4 0 0 0 244.026** 
41.0 0 0 0 5.202* 
52.9 0 0 0 1.401ns 
0 0 0 0 
39.8 6 5 165 2.783ns 
51.8 3 1 84 0.738ns 
Table 6a, (Continued) 
Number of Bt kernels 
No. 
1 
Female 
plant no. 
2 
Type 
of 
cross 
3 
Source 
4 
Muta­
ble 
5 
Pale 
6 
Color­
less 
7 
Col­
ored 
8 
To ta! 
9 
220 9 2136-3 b Col. 4 127 73 69 0 269 
221 -4 142 60 77 0 279 
222 9 2137-1 c Col, 5 0 126 131 0 257 
223 -2 0 41 46 0 87 
224 -3 0 25 29 0 54 
225 -6 0 91 86 0 177 
226 9 2138-1 e Col, 6 151 0 152 0 303 
227 -2 123 0 93 0 216 
228 -3 0 0 209 0 209 
229 -4 0 0 241 0 241 
230 -5 142 0 99 0 241 
231 -6 0 0 395 0 395 
232 9 2139-1 g Col. 10 0 0 122 0 122 
233 -2 0 0 403 0 403 
234 -3 110 0 119 0 229 
235 -4 158 0 152 0 310 
236 -5 70 0 84 0 154 
237 —6 0 0 217 0 217 
238 -7 0 0 72 0 72 
239 9 2140-1 116 0 111 0 227 
240 -2 181 0 193 0 374 
241 -3 47 0 50 0 97 
242 -4 72 0 84 0 156 
243 -5 139 0 141 0 280 
244 —6 59 0 54 0 113 
245 9 2141-1 0 0 269 0 269 
246 -2 38 0 25 0 63 
247 -3 0 0 319 0 320 
248 -4 0 0 184 0 184 
249 -5 96 0 86 0 182 
250 -6 38 0 41 0 79 
251 9 2142-1 35 0 33 0 68 
252 -2 0 0 138 0 138 
253 -3 192 0 211 0 403 
254 -4 36 0 53 0 89 
138 
Mutable 
Bt/ 
Total 
No. of bt kernels 
2 
X for a nonmutable Bt:mutable 
segregation of: 
Bt 
Cita­ Color­ 30.25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
47.2 0 0 0 0.728ns 
50.8 0 0 0 0.057ns 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
49.8 0 0 0 0 ns 
56.9 0 0 0 3.893* 36.598** 
0 0 0 0 
0 0 0 0 
58.9 0 0 0 7.319** 32.377** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
48.0 0 0 0 0.279ns 
50.9 0 0 0 0.080ns 
45.5 0 0 0 1.097ns 
0 0 0 0 
0 0 0 0 
51.1 0 0 0 0.070ns 
48.3 0 0 0 0.323ns 
48.4 0 0 0 0.041ns 
46.1 0 0 0.775ns 
49.6 0 0 0 0.003ns 
52.2 0 0 0 0.141ns 
0 0 0 0 
60.3 0 0 0 2.285ns 6.481* 
0 0 0 0 
0 0 0 0 
52.7 0 0 0 0.445ns 
48.1 0 0 0 0.050ns 
51.4 0 0 0 0.014ns 
0 0 0 0 
47.6 0 0 0 0.803ns 
40.4 0 0 0 2.876ns 
Table 6a, (Continued) 
Number of ^  kernels 
Type 
Female of Muta- Color- Col-
No. plant no. cross Source ble Pale less ored Total 
1  2  3 4  5 6 7 8 9  
255 9 2142-5 S Col. 10 0 0 106 0 106 
256 -6 0 0 67 0 67 
257 -7 0 0 246 0 246 
258 
259 
260 
261 
262 
9 2143-1 
-2 
-3 
9 2143-4 
-5 
No. 10 
Col. 4 
0 
4 
126 
221 
0 
0 
134 
225 
263 9 2144-1 
264 -2 
265 -3 
266 -4 
267 -5 
268 9 2145-1 
269 -2 
270 -3 
271 -4 
272 -5 
273 9 2146-1 
274 -2 
275 -3 
276 -4 
277 -5 
278 -6 
279 9 2147-1 
280 -2 
281 -3 
282 -4 
283 -5 
284 -6 
285 -7 
Col. 5 
Col. 6 
S Col. 10 
53 52 — 0 105 
0 110 103 0 223 
92 141 156 0 389 
14 59 64 0 137 
0 44 39 0 83 
1 69 71 0 141 
16 136 128 0 280 
1 41 34 0 76 
5 0 277 0 282 
4 0 69 0 73 
3 0 151 0 164 
22 0 174 0 196 
0 0 135 0 135 
0 0 221 0 221 
34 0 341 0 375 
4 0 167 0 171 
0 0 135 0 135 
0 0 297 0 297 
0 0 112 0 112 
0 0 321 0 321 
1 0 98 0 99 
30 0 223 0 253 
3 0 249 0 252 
43 0 291 0 334 
0 0 238 0 238 
92 0 291 0 383 
140 
NO. Of bt kernels " 
Total Muta- Color- 30,25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
u 
0 
u 
0 
V 
0 
V 
0 
0 0 0 0 
0 0 4 123 
1.7 0 3 213 179.100** 
50.4 0 0 135 0.517ns 
4.4 0 0 0 182.977** 
23.6 0 0 0 106.982** 
10.2 0 0 0 85.138** 
0 0 0 0 
0.7 0 0 0 135.063** 
5.7 0 0 0 217.889** 
1.3 0 0 0 74.433** 
1.7 0 0 0 260.429** 
5.4 0 0 0 56.109** 
1.8 0 0 0 150.298** 
11.2 0 0 0 116.331** 
0 0 0 0 
0 0 0 0 
9.0 0 0 0 249.696** 
2.3 0 0 0 153.463** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 93.090''^* 
1.0 0 0 0 
11.8 0 0 0 145.707** 
1.0 0 0 0 228.194** 
12.8 0 0 0 182.661** 
0 0 0 0 
24.0 0 0 0 102.360** 
Table 6a. (Continued) 
Number of Bt kernels 
Type 
Female of Muta- Color- Col-
No. plant no. cross Source ble Pale less ored Total 
1  2  3 4  5 5 7 8 9  
286 9 2148-1 S Col. 10 0 0 257 0 257 
287 -2 0 0 188 0 188 
288 -3 78 0 130 0 208 
289 -4 0 0 59 0 59 
290 -5 0 0 161 0 161 
291 9 2149-1 0 0 334 0 334 
292 -2 109 0 240 0 349 
293 -3 0 0 64 0 64 
294 -4 0 0 168 0 168 
295 -5 0 0 216 0 216 
296 -6 2 0 220 0 222 
297 9 2150-1 a No. 13 14 144 '5 0 163 
298 -2 Col. 4 142 156 - 3 301 
299 9 2150-4 b 43 19 25 0 87 
300 -5 86 35 45 0 166 
301 9 2141-1 c Col. 5 1 91 81 0 173 
302 -2 0 43 53 0 96 
303 -5 0 41 37 0 78 
304 -6 0 149 161 0 310 
305 -7 0 162 171 0 333 
306 -8 0 131 139 0 270 
307 9 2152-2 e Col. 6 0 0 131 0 131 
308 -3 81 0 115 0 196 
309 -5 0 0 137 0 137 
310 -6 120 0 120 0 240 
311 -7 43 0 36 0 79 
312 -8 115 0 97 0 212 
313 9 2153-1 g Col. 10 0 0 137 0 137 
314 -2 86 0 106 0 192 
315 -3 0 0 329 0 329 
316 -4 0 0 96 0 96 
317 -5 213 0 224 0 437 
318 -6 0 0 342 0 342 
Bt 
10 
0 
0 
37.5 
0 
0 
0 
31.2 
0 
0 
0 
0.9 
8.5 
47.1 
49.4 
51.8 
0.5 
0 
0 
0 
0 
0 
0 
41.3 
0 
50.0 
54.4 
54.2 
0 
44.7 
0 
0 
48.7 
0 
142 
No. of bt kernels 
2 
X for a noxunutable Bt:mutable Bt 
segregation of: 
Muta- Color- 30.25: 
ble Pale less 53.5:46.5 69.75 1:1 1:3 
11 12 13 14 15 16 17 
0 0 0 
0 0 0 
0 0 0 12.504** 
0 0 0 
0 0 0 
0 0 0 
0 0 0 48.424** 
0 0 0 
0 0 0 
0 0 0 
0 0 0 212.112** 
1 1 163 92.652** 
4 1 256 0.031ns 
0 0 0 0 ns 
0 0 0 0.150ns 
0 0 0 165.052** 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 5.556* 
0 0 0 
0 0 0 0 ns 
0 0 0 0.455ns 
0 0 0 1.363ns 
0 0 0 
0 0 0 1.880ns 
0 0 0 
0 0 0 
0 0 0 0.228ns 
0 0 0 
Table 6a. (Continued) 
Number of kernels 
Type 
Female of Muta- Color- Col-
No, plant no. cross Source ble Pale less ored Total 
1  2  3 4  5 6 7 8 9  
319 9 2153-7 g Col. 10 0 0 269 0 269 
320 -8 289 0 277 0 566 
321 -9 0 0 318 0 318 
322 9 2154-1 224 0 250 0 474 
323 -2 90 0 86 0 176 
324 -3 104 0 115 0 219 
325 -4 0 0 71 0 71 
326 -5 116 0 144 0 260 
327 -6 24 0 19 0 43 
328 -7 0 0 53 0 53 
329 -8 67 0 76 0 129 
330 -9 110 0 123 0 233 
331 9 2155-1 161 0 188 0 349 
332 -2 0 0 36 0 36 
333 -3 125 0 157 0 281 
334 -4 162 0 191 0 353 
335 -5 0 0 408 0 408 
336 -6 0 0 297 0 297 
337 -7 0 0 276 0 276 
338 -8 0 0 142 0 142 
339 -9 0 0 268 0 268 
340 9 2156-1 0 0 326 0 326 
341 -2 249 0 292 0 541 
342 -3 120 0 113 0 233 
343 -4 103 0 107 0 210 
344 -5 0 0 219 0 219 
345 -6 257 0 253 0 510 
346 -7 238 0 216 0 454 
347 9 2157-1 a No. 1 0 112 7 0 119 
348 -2 Col. 4 57 67 12 0 136 
349 9 2157-3 b 111 140 130 0 381 
350 -4 20 180 196 0 396 
351 -5 144 115 128 0 387 
144 
Mutable 
Bt/ 
No. of ^  kernels for a noninutable Bt imitable Bt 
ségrégation of: 
Total Muta - Color­ 30.25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
0 0 0 0 
51.0 0 0 0 0,213ns 
0 0 0 0 
47.2 0 0 0 1.318ns 
51.1 0 0 0 0.051ns 
47.4 0 0 0 0,456ns 
0 0 0 0 
44.6 0 0 0 2,803ns 
55.8 0 0 0 0,372ns 
0 0 0 0 
47.1 0 0 0 0,345ns 
47.2 0 0 0 0,411ns 
46.1 0 0 0 2,088ns 
0 0 0 0 
44.1 0 0 0 3,644ns 
45.8 0 0 0 2,220ns 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
46.0 0 0 0 3.260ns 
51.5 0 0 0 0,154ns 
49.0 0 0 0 0,042ns 
0 0 0 0 
50.3 0 0 0 0,017ns 
52.4 0 0 0 0,971ns 
0 0 6 91 
41.9 0 3 111 0.973ns 
29.1 0 0 0 65,522** 
5.0 0 0 0 318,244** 
37.2 0 0 0 24,816** 
Table 6a. (Continued) 
Number of Bt kernels 
No. 
1 
Female 
plant no. 
2 
Type 
of 
cross 
3 
Source 
4 
Muta­
ble 
5 
Pale 
6 
Color­
less 
7 
Col­
ored 
8 
To ta! 
9 
352 9 2158-1 c Col. 5 0 187 173 0 360 
353 -2 0 129 138 0 267 
354 -5 0 28 38 0 66 
355 -7 0 79 92 0 171 
356 9 2159-2 e Col. 6 65 0 142 0 207 
357 -3 0 0 396 0 396 
358 -4 22 0 296 0 318 
359 9 2160-1 g Col. 10 0 0 297 0 297 
360 -2 0 0 253 0 253 
361 -3 0 0 111 0 111 
362 -4 141 0 234 0 375 
363 -5 0 0 41 0 41 
364 9 2206-1 94 0 112 0 206 
365 -2 1 0 116 0 117 
366 -3 4 0 299 0 303 
367 -4 0 0 228 0 228 
368 9 2207-1 2 0 251 0 253 
369 -2 19 0 92 0 111 
370 -3 1 0 151 0 152 
371 -4 0 0 29 0 29 
372 -5 1 0 357 0 358 
373 -6 0 0 314 0 314 
374 -7 0 0 224 0 224 
375 "8 0 0 235 0 235 
376 -9 1 0 134 0 135 
377 9 2208-1 5 0 196 0 201 
378 -2 0 0 224 0 224 
379 -3 52 0 318 0 370 
380 -4 0 0 246 0 246 
381 -5 0 0 257 0 257 
382 -6 0 0 132 0 132 
383 -7 46 0 66 0 112 
Bt 
10 
0 
0 
0 
0 
31.4 
0 
6.9 
0 
0 
0 
37.6 
0 
45.6 
0.8 
1.3 
0 
0.7 
17.1 
0.6 
0 
0.2 
0 
0 
0 
0.7 
2.4 
0 
14.0 
0 
0 
0 
41.0 
146 
2 
X for a nonmutable Bit:mutable 
segregation of: No. of bt kernels 
Muta- Color-
ble Pale less 53.5:46.5 
11 12 13 14 
30.25: 
69.75 1:1 1:3 
15 16 17 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 27.903** 
0 0 0 
0 0 0 234.367** 
0 0 0 
0 0 0 
0 0 0 
0 0 0 22.570** 
0 0 0 
0 0 0 1.402ns 
0 0 0 111.076** 
0 0 0 285.267** 
0 0 0 
0 0 0 243.098** 
0 0 0 46.702** 
0 0 0 146.059** 
0 0 0 
0 0 0 352.025** 
0 0 0 
0 0 0 
0 0 0 
0 0 0 129.066** 
0 0 0 179.601** 
0 0 0 
0 0 0 189.797** 
0 0 0 
0 0 0 
0 0 0 
0 0 0 3.223ns 
Table 6a. (Continued) 
Number of kernels 
Type 
Female of Muta- Color- Col-
No. plant no. cross Source ble Pale less ored Total 
1  2  3 4  5 6 7 8 9  
384 9 2209-1 a No. 9 75 99 18 . 1 193 
385 -2 Col. 4 114 138 11 7 270 
386 
386 -3 b 203 88 84 0 375 
38% -4 205 110 119 0 434 
388" -5 5 148 131 0 284 
389 9 2210-1 c Colo 5 0 57 61 0 118 
390 -2 0 164 173 0 337 
391 -3 0 136 127 0 263 
392 -10 0 118 129 0 247 
393 9 2211-1 e Col. 6 107 0 113 0 220 
394 -2 0 0 219 0 219 
395 -3 0 0 137 0 137 
396 -4 184 0 200 0 384 
397 -5 0 0 279 0 279 
398 -6 0 0 128 0 128 
399 -7 • 79 0 92 0 171 
400 —8 40 0 57 0 97 
401 9 2212-1 S Col. 10 56 0 74 0 130 
402 -2 1 0 137 G 138 
403 -3 0 0 143 0 143 
404 9 2213-1 0 0 126 0 126 
405 -2 117 0 214 0 331 
406 -3 0 0 168 0 168 
407 -4 0 0 369 0 369 
408 -5 24 0 25 0 49 
409 9 2214-1 292 0 101 0 393 
410 -2 0 0 235 0 235 
411 9 2216-1 a No. 11 68 82 10 2 162 
Col. 4 
412 9 2216-2 b 89 40 46 0 175 
413 -3 37 72 59 0 168 
414 -4 105 81 72 0 258 
148 
Mutable 
Bt/ 
Total 
No. of bt kernels for a nonmutable Bt:mutable Bt 
segregation of: 
Muta­ Color­ 30.25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
38.8 5 5 139 4.226* 
42.2 2 4 262 1.817ns 
54.1 0 0 0 2.400ns 
47.2 0 0 0 1.218ns 
1.7 0 0 0 262.426** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
48.6 0 0 0 0.113ns 
0 0 0 0 
0 0 0 0 
47.9 0 0 0 0.585ns 
0 0 0 0 
0 0 0 0 
46.1 0 0 0 0.842ns 
41.2 0 0 0 2.639ns 
43.0 0 0 0 2.223ns 
0.7 0 0 0 132.065ns 
0- 0 0 0 
0 0 0 0 
35.3 0 0 0 27.842** 
0 0 0 0 
0 0 0 0 
48.9 0 0 0 0 ns 
74.3 0 0 0 0.068ns 
0 0 0 0 
41.9 4 2 164 
50.8 0 0 0 
22.0 0 0 0 
40.6 0 0 0 
1.160ns 
0.022ns 
51.482** 
8.562** 
Table 6a, (Continued) 
Number of Bt kernels 
Type 
Female of î&zta- Color- Col-
No. plant no. cross Source ble Pale less ored Total 
1  2  3 4  5 6 7 8 9  
415 9 2216-5 b Col. 4 19 140 128 0 287 
416 9 2217-1 c Col. 5 0 62 76 0 138 
417 -2 0 120 101 0 221 
418 9 2218-1 e Col. 6 1 0 276 0 277 
419 -2 0 0 198 0 198 
420 -3 270 0 208 0 478 
421 -4 62 0 11 0 73 
422 -5 0 0 92 0 92 
423 9 2219-1 g Col. 10 219 0 66 0 285 
424 -2 144 0 198 0 342 
425 -3 224 0 86 0 310 
426 -4 215 0 205 0 420 
427 -5 215 0 255 0 470 
428 -6 0 0 259 0 259 
429 9 2220-1 244 0 207 0 451 
430 -2 48 0 41 0 89 
431 -3 0 0 168 0 168 
432 -4 224 0 266 0 490 
433 -5 118 0 105 0 223 
434 -6 0 0 143 0 143 
435 9 2221-1 142 0 199 0 341 
436 -2 0 0 289 0 289 
437 -3 60 0 73 0 133 
438 -4 149 0 213 0 362 
439 -5 0 0 19 0 19 
440 -6 168 0 141 0 309 
441 -7 179 0 178 0 357 
442 9 2222-1 31 0 21 0 52 
443 -2 0 0 46 0 46 
444 -3 192 0 83 0 275 
445 -4 32 0 15 0 47 
446 -6 40 0 40 0 80 
150 
Mutable No, of bt kernels X for a noninutable Btrmutable Bt 
Bt/ 
Total 
Bt 7o 
10 
Muta­
ble 
11 
Pale 
12 
Color­
less 53.5:46.5 
13 14 
30.25: 
69.75 1:1 
15 16 
1:3 
17 
6.6 0 0 0 214.299** 
0 0 0 0 
0 0 0 0 
0.3 0 0 0 271.032** 
0 0 0 0 
56.4 0 0 0 7.784** 86.404** 
84.9 0 0 0 3.328ns 
0 0 0 0 
76.8 0 0 0 0.422ns 
42.1 0 0 0 8.213** 
72.2 0 0 0 1.101ns 
41.1 0 0 0 0.192ns 
45.7 0 0 0 3.236ns 
0 0 0 0 
54.1 0 0 0 2.873ns 
53.9 0 0 0 0.404ns 
0 0 0 0 
45.7 0 0 0 3.430ns 
52.9 0 0 0 0.645ns 
0 0 0 0 
41.6 0 0 0 9.196** 
0 0 0 0 
45.1 0 0 0 1.082ns 
41.1 0 0 0 10.964** 
0 0 0 0 
54.3 0 0 0 2.187ns 
50.1 0 0 0 0 ns 
59.6 0 0 0 1.557ns 5.769* 
0 0 0 0 
69.8 0 0 0 3.666ns 
68.0 0 0 0 0.858ns 
50.0 0 0 0 0 ns 
Table 6a. (Continued) 
Number of ^  kernels 
Type 
Female of Muta- Color- Col-
No. plant no, cross Source ble Pale less ored Total 
1  2  3 4  5 6 7 8 9  
447 9 2223-1 a No. 20 30 38 8 0 76 
448 -2 Col. 4 65 74 8 0 147 
449 9 2223-3 b 162 72 93 0 327 
450 -4 252 121 136 0 509 
451 -5 58 72 69 0 199 
452 9 2224-1 c Col. 5 0 246 223 0 469 
453 -2 1 161 150 0 312 
454 -3 0 101 115 0 216 
455 -4 0 122 103 0 225 
456 
456 9 2225-1 e Col. 6 0 0 271 0 271 
457 —8 0 0 212 0 212 
458 9 2226-1 g Col. 10 147 0 156 0 303 
459 -2 40 0 59 0 99 
460 -3 0 0 287 0 287 
461 -4 0 0 230 0 230 
462 -5 0 0 243 0 243 
463 -6 122 0 137 0 259 
464 9 2227-1 0 0 257 0 257 
465 -2 62 0 61 0 123 
466 -3 0 0 411 0 411 
467 -4 33 0 33 0 66 
468 -5 0 0 248 0 248 
469 -6 0 0 33 0 33 
470 9 2228-1 0 0 314 0 314 
471 -2 182 0 173 0 355 
472 -3 0 0 292 0 292 
473 -4 63 0 147 0 210 
474 -5 0 0 302 0 302 
475 -6 183 0 205 0 388 
476 9 2229-1 124 0 164 0 288 
477 -2 121 0 153 0 274 
478 -3 177 0 178 0 355 
479 -4 105 0 153 0 258 
480 -5 171 0 206 0 377 
152 
Mutable No. of ^  kernels 
Bt/ 
Total Muta- Color-
Bt % ble Pale less 
10 11 12 13 
2 
X for a nonmutable Bt:mutable Bt 
segregation of: 
30.25: 
69.75 1:1 1:3 
15 16 17 
53,5:46.5 
14 
39.4 2 1 77 1.238ns 
44.2 4 2 153 0.222ns 
49.5 0 0 0 0.012ns 
49.5 0 0 0 0.031ns 
29.1 0 0 0 33.788** 
0 0 0 0 
0.3 0 0 0 306.028** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
48.5 0 0 0 0.211ns 
40.4 0 0 0 3.272ns 
0 0 0 0 
0 0 0 0 
0 0 0 0 
47.1 0 0 0 0.756ns 
0 0 0 0 
50.4 0 0 0 0 ns 
0 0 0 0 
50.0 0 0 0 0 ns 
0 0 0 0 
0 0 0 0 
0 0 0 0 
51.2 0 0 0 0.180ns 
0 0 0 0 
30.0 0 0 0 32.804** 
0 0 0 0 
47.1 0 0 0 1.136ns 
43.0 0 0 0 5.281* 
44.1 0 0 0 3.507ns 
49.8 0 0 0 0 ns 
40.6 0 0 0 8.562** 
45.3 0 0 0 3.066ns 
Table 6a. (Continued) 
Number of Bt kernels 
Type 
Female of Muta- Color- Col-
No. plant no. cross Source ble Pale less ored Total 
1  2  3 4  5 6 7 8 9  
481 9 2229-6 g Col. 10 0 0 219 0 219 
482 -7 0 0 257 0 257 
483 9 2230-1 a No. 3 3 64 2 0 69 
Col. 4 
484 9 2230-3 b 13 101 96 0 210 
485 -4 172 66 78 0 316 
486 9 2231-1 c Col. 5 0 158 141 0 299 
487 -2 0 146 138 0 284 
488 -3 0 25 31 0 56 
489 9 2232-2 e Col. 6 70 147 0 0 217 
490 9 2233-1 g Col. 10 0 0 217 0 217 
491 -2 1 0 189 0 190 
492 -3 9 0 227 0 236 
493 9 2234-1 0 0 209 0 209 
494 -2 0 0 196 0 196 
495 -3 47 0 215 0 262 
496 9 2235-1 0 0 64 0 64 
497 -2 69 0 165 0 235 
498 -3 0 0 240 0 240 
499 9 2236-1 0 0 146 0 146 
500 -2 0 0 163 0 163 
501 -3 0 0 129 0 129 
502 9 2237-1 a No. 4 14 34 2 0 50 
Col. 4 
503 -2 b 157 176 194 0 527 
504 -3 40 120 136 0 296 
505 -4 3 141 159 0 303 
506 -5 1 139 150 0 290 
154 
Mutable No. of bc kernels ^ aoiunutable B|:mutabU Bt 
— segregatxon of: 
Total Muta- Color- 30.25: 
^ % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
0 0 0 0 
0 0 0 0 
4.3 0 3 46 47.601** 
6.1 0 0 0 159.471** 
54.4 0 0 0 2.306 
0 0 0 0 
0 0 0 0 
0 0 0 0 
32.2 0 0 0 26.617** 
0 0 0 0 
0.5 0 0 0 184.047** 
3.8 0 0 0 199.529** 
0 0 0 0 
0 0 0 0 
17.9 0 0 0 106.446** 
0 0 0 0 
29.4 0 0 0 38.568** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
28.0 1 1 50 6.155* 
29.7 0 0 0 85.282** 
13.5 0 0 0 156.165** 
0.9 0 0 0 289.161** 
0.3 0 0 0 284.031** 
Table 6a. (Continued) 
Number of Bt kernels 
No. 
1 
Female 
plant no. 
2 
Type 
of 
cross Source 
3 4 
Muta­
ble 
5 
Pale 
6 
Color­
less 
7 
Col­
ored 
8 
To ta] 
9 
507 9 2238-1 • c Col. 5 0 89 96 0 185 
508 -2 0 162 149 0 311 
509 -3 0 91 78 0 169 
510 -4 0 72 61 0 153 
511 -7 0 61 68 0 129 
512 -8 0 42 48 0 90 
513 9 2239-1 e Col. 6 76 0 173 0 249 
514 -2 5 0 56 0 61 
515 -3 14 0 367 0 381 
516 9 2240-1 g Col. 10 133 0 310 0 443 
517 -2 25 0 299 0 324 
518 -3 69 0 258 0 327 
519 -4 0 0 114 0 114 
520 -5 0 0 63 0 63 
521 -6 82 0 144 0 226 
522 -7 4 0 259 0 263 
523 9 2241-1 137 0 159 0 296 
524 -2 131 0 138 0 269 
525 -3 0 0 175 0 175 
526 -4 0 0 43 0 43 
527 -5 0 0 32 0 32 
528 9 2242-1 0 0 198 0 198 
529 -2 0 0 66 0 66 
530 -3 216 0 230 0 446 
531 -4 0 0 242 0 242 
532 -5 0 0 329 0 329 
533 —6 0 0 33 0 33 
534 9 2243-1 0 0 157 0 157 
535 -2 0 0 313 0 313 
536 -3 0 0 19 0 19 
537 -4 54 0 120 0 174 
538 -5 17 0 24 0 41 
539 -6 0 0 223 0 223 
1'56 
Mutable No. of bt kernels ^ nonmutable ^imitable Bt 
— segregatxon of; 
Total Muta- Color- 30,25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
0 
0 
0 
0 
0 
0 
0 37.012** 
0 40.893** 
0 325.207** 
0 69.923** 
0 230.027** 
0 108.085** 
0 
0 
0 16.464** 
0 245.307** 
0 1.489ns 
0 0.133ns 
0 
0 
0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
30.5 0 0 
8.1 0 0 
3.6 0 0 
30.0 0 0 
7.7 0 0 
21.1 0 0 
0 0 0 
0 0 0 
36.2 0 0 
1.5 0 0 
46.2 0 0 
48.6 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 0 
0 0 0 0 
48.4 0 0 0 0.378ns 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
31.0 0 0 0 24.281** 
41.4 0 0 0 0.878ns 
0 0 0 0 
Table 6a. (Continued) 
Number of Bt kezmels 
Type 
Female of Muta- Color- Col-
No, plant no. cross Source ble Pale less ored Total 
1  2  3 4  5 6 7 8 9  
540 9 2244-1 a No. 14 21 177 6 0 204 
Col. 4 
541 9 2244-2 b 1 187 172 0 359 
542 -3 0 151 142 0 293 
543 -4 0 96 84 0 180 
544 -5 2 141 152 0 295 
545 9 2245-1 c Col. 5 0 191 180 0 371 
546 -2 0 148 138 0 286 
547 -3 0 102 89 0 191 
548 -4 0 113 128 0 241 
549 5 0 88 79 0 167 
550 -6 0 46 39 0 85 
551 9 2246-3 e Col. 6 0 101 110 0 211 
552 -5 0 0 176 0 176 
553 ^6 0 61 74 0 135 
554 -7 0 74 68 0 142 
555 9 2247-1 g Col. 10 25 0 386 0 411 
556 -2 0 0 232 0 232 
557 -3 2 0 173 0 175 
558 -4 0 0 208 0 208 
559 -5 0 0 241 0 241 
560 -6 1 0 184 0 185 
561 -7 0 0 67 0 67 
562 9 2248-1 0 0 327 0 327 
563 -2 4 0 384 0 388 
564 -3 0 0 312 0 312 
565 -4 115 0 297 0 412 
566 -5 149 0 261 0 410 
567 -6 0 00 224 0 224 
568 -7 0 0 141 0 141 
569 -8 0 0 26 0 26 
570 9 2249-1 0 0 201 0 201 
571 -2 10 0 239 0 249 
572 -3 0 0 166 0 166 
573 -4 0 0 229 0 229 
574 -5 7 0 268 0 275 
158 
Mutable 
Bt/ 
Total 
No. of ^  kernels for a nommitable Bt:mutable Bt 
segregation of: 
Muta _• Color 30.25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
10.2 0 4 226 106.042** 
0.2 0 0 0 353.025** 
0 0 0 0 
0 0 0 0 
0.6 0 0 0 285.084** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
6.0 0 0 0 315.328** 
0 0 0 0 
1.1 0 0 0 165.142** 
0 0 0 0 
0 0 0 0 
0.5 0 0 0 179.048** 
0 0 0 0 
0 0 0 0 
1.0 0 0 0 370.208** 
0 0 0 0 
27.9 0 0 0 79.516** 
36.3 0 0 0 30.051** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 -
4.0 0 0 0 208.771** 
0 0 0 0 
0 0 0 0 
2.5 0 0 0 245.818** 
Table 6a. (Continued) 
Number of kernels 
Type 
Female of Muta- Color- Col-
No. plant no, cross Source ble Pale less ored Total 
1 2  3 4  5 6 7 8 9  
575 9 2249-6 S Col. 10 1 0 203 0 204 
576 9 2250-1 26 0 351 0 377 
577 -2 0 0 261 0 261 
578 -3 26 0 119 0 145 
579 -4 59 0 312 0 371 
580 -5 1 0 84 0 85 
581 —6 6 0 166 0 172 
582 -7 5 0 233 0 238 
583 —8 0 0 222 0 222 
584 -9 0 0 114 0 114 
585 -10 0 0 63 0 63 
586 9 2251-1 a No. 21 17 107 15 0 139 
587 -2 Col. 4 4 86 5 0 95 
588 -3 0 172 17 0 189 
589 9 2251-4 b 178 79 88 0 345 
590 -5 164 86 90 0 340 
591 -6 74 60 81 0 215 
592 9 2252-1 c Col. 5 0 101 111 0 212 
593 -2 0 119 126 0 245 
594 -3 0 201 179 0 380 
595 -4 0 30 39 0 69 
596 —8 0 126 119 0 245 
597 9 2253-3 e Col. 6 214 0 154 0 368 
598 -6 88 0 83 0 171 
599 9 2254-1 S Col. 10 246 0 34 0 280 
600 -2 126 0 20 0 146 
601 -3 175 0 78 0 253 
602 -4 0 0 176 0 176 
603 -5 27 0 29 0 56 
604 ^6 295 0 282 0 577 
605 -7 15 0 3 0 18 
160 
Mutable 
Bt/ 
Total 
No. of ^  kernels 
2 
X for a nonmutable Bt:mu.table 
segregation of: 
• Bt 
Muta Color­ 30.25: 
Bt 7, ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
0.4 0 0 0 198.044** 
6.8 0 0 0 278.450** 
0 0 0 0 
17.9 0 0 0 58.372** 
15.9 0 0 0 171.169** 
1.1 0 0 0 78.105** 
3.4 0 0 0 146.982** 
2.1 0 0 0 216.508** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
12.2 0 4 176 64.248** 
4.2 0 3 85 66.604** 
0 0 4 205 
51.5 0 0 0 0.289ns 
48.2 0 0 0 0.355ns 
34.4 0 0 0 20.260** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
58.1 0 0 0 9.459** 54.815** 
51.4 0 0 0 0,093ns 
87.8 0 0 0 24.004** 
86.3 0 0 0 9.351** 
69.1 0 0 0 4.280* 
0 0 0 0 
48.2 0 0 0 0.017ns 
51.1 0 0 0 0.249ns 
83.3 0 0 0 
Table 6a. (Continued) 
Number of Bt kernels 
No. 
1 
Female 
plant no. 
2 
Type 
of 
cross Source 
3 4 
Muta­
ble 
5 
Pale 
6 
Color­
less 
7 
Col­
ored 
8 
Tota 
9 
606 9 2255-1 g Col, 10 84 0 52 0 136 
607 -2 181 0 119 0 300 
608 -3 87 0 29 0 116 
609 -4 75 0 63 0 138 
610 -5 0 0 192 0 192 
611 -6 365 0 36 0 401 
612 -7 0 0 31 0 31 
613 9 2256-1 0 0 188 0 188 
614 -2 0 0 278 0 278 
615 -3 "0 0 239 0 239 
616 -4 73 0 22 0 95 
617 -5 59 0 21 0 80 
618 -6 7 0 5 0 12 
619 -7 0 0 197 0 197 
620 -8 138 0 43 0 181 
621 9 2257-1 114 0 102 0 216 
622 -2 97 0 29 0 126 
623 9 2258-1 a No. 12 107 147 13 3 270 
624 -2 Col. 4 42 56 9 3 110 
625 9 2258-3 b 115 69 52 1 237 
626 -4 221 100 107 0 428 
627 -5 0 103 91 0 194 
628 9 2259-6 c Col. 5 0 59 68 0 127 
629 -7 0 131 117 0 248 
630 9 2260-1 e Col. 6 0 0 45 0 45 
631 -2 301 0 107 0 405 
632 -3 87 0 94 0 181 
633 -4 0 0 403 0 403 
634 -5 31 0 37 0 68 
635 -8 41 0 56 0 97 
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Mutable 
Bt/ 
Total 
No. of bt kernels 
2 
X for a nonmutable Bt:mutable 
segregation of: 
Bt 
Imita­ Color­ 30.25: 
Bt % ble Pale less 53.5:46.5 69.75 1:1 1:3 
10 11 12 13 14 15 16 17 
61.7 0 0 0 7.066** 12.009** 
60.3 0 0 0 12.403** 33.640** 
75.0 0 0 0 0 ns 
54.3 0 0 0 0.876ns 
0 0 0 0 
91.0 0 0 0 54.052** 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
76.8 0 0 0 0.087ns 
73.7 0 0 0 0.015ns 
58.3 0 0 0 
0 0 0 0 
76.2 0 0 0 0.090ns 
52.7 0 0 0 0.560ns 
76.9 0 0 0 0.169ns 
39.6 0 3 254 4.850* 
38.1 4 1 105 2.734ns 
48.7 0 0 0 0.105ns 
51.6 0 0 0 0.394ns 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
74.3 0 0 0 0.066ns 
48.0 0 0 0 0.198ns 
0 0 0 0 
45.5 0 0 0 0.367ns 
42.2 0 0 0 2.020ns 
Table 5a. (Continued) 
Number of kernels 
Type 
Female of Muta- Color- Col-
No. plant no. cross Source ble Pale less ored Total 
1  2  3 4  5 6 7 8 9  
636 9 2431-1 g Col. 10 183 0 211 0 394 
637 -2 65 0 57 0 122 
638 -3 0 0 118 0 118 
639 9 2432-1 189 0 204 0 393 
640 -2 223 0 295 0 518 
641 -3 0 0 286 0 286 
642 -4 71 0 81 0 152 
643 9 2433-1 0 0 257 0 257 
644 -2 0 0 321 0 321 
645 -3 0 0 117 0 117 
646 -4 188 0 184 0 372 
647 -5 0 0 196 0 196 
648 9 2434-1 182 0 198 0 380 
649 -2 233 0 275 0 508 
650 -3 206 0 236 0 442 
651 -4 231 0 255 0 486 
652 -5 0 0 278 0 278 
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Mutable No. of ^  kernels 
Bt/ 
Total Muta- Color-
Bt % ble Pale less 
10 11 12 13 
2 
X for a nonnnitable Bt imutable Bt 
segregation of: 
30.25: 
69.75 1:1 1:3 
15 16 17 
53.5:46.5 
14 
53.2 0 0 0 0.401ns 
0 0 0 0 
48.0 0 0 0 0.498ns 
43.0 0 0 0 9.731** 
0 0 0 0 
46.7 0 0 0 0.532ns 
0 0 0 0 
0 0 0 0 
0 0 0 0 
50.5 0 0 0 0.024ns 
0 0 0 0 
47.8 0 0 0 0.592ns 
45.8 0 0 0 3.309ns 
46.6 0 0 0 1.902ns 
47.5 0 0 0 1.088ns 
278 0 0 0 
Table 6b. Analysis of testcross progeny of plants derived from mutable Bt 
kernels of ^ Bt/a.bt, En genotype. Crosses of plants 
from (d) pale B^ kernels ana (f) colorless ^  kernels to pollen 
parents of a^bt/a^bt. En and a£bt/a^bt genotypes 
Number of B^ kernels 
Female Type Male 
plant of plant Muta- Color- Col-
No. no. cross no. Source ble Pale less ored 
1 2 3 4  5  6 7 8 9  
1 9 2102-2 d 9 2422-6 C. 5, No. 7 176 6 8 0 
2 2102-6 d 2422-10 0 21 18 0 
3 9 2103-1 f 9 2423-8 C. 6, No. 7 0 0 167 0 
4 2103-8 f 2422-5 0 0 126 0 
5 9 2109-4 d 9 2430-6 C. 5, No. 19 21 18 
_c 0 
6 2109-6 d 2422-7 77 69 13 0 
7 9 2110-1 f 9 2423-6 C. 6, No. 19 0 0 121 0 
8 2110-5 f 2422-2 0 0 181 
9 9 2116-2 d 9 2430-3 C. 5, No. 17 82 101 
c 0 
10 9 2117-5 f 9 2422-4 C. 6, No. 17 0 0 112 0 
11 9 2123-8 d 9 2421-7 C. 5, No. 5 0 182 
c 
0 
12 9 2130-2 d 9 2421-1 C. 5, No. 6 93 74 17 0 
13 2130-3 d 2421-4 0 14 2 0 
14 9 2131-6 f 9 2421-5 C. 6, No. 6 0 0 196 0 
15 9 2137-4 d 9 2429-10 C. 5, No. 16 66 78 7 0 
16 2137-5 d 2422-7 29 42 8 0 
17 2137-6 d 2429-7 120 121 8 0 
18 2137-7 d 2421-6 51 54 4 0 
^From Table 2. 
^nt = not tested. 
^Included in pale column. 
"^ns = nonsignificant in difference. 
**Significantly different at .01 level. 
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126 
39 
159 
121 
181 
183 
112 
182 
184 
16 
196 
151 
79 
249 
109 
166 
Mutable 
Bt/Total 
Bt 7o 
11 
Number of bt kernels 
Muta­
ble 
12 
Pale 
13 
Color­
less 
14 
No. of 
En in 
pollen 
parent 
15 
X for a noninutable 
Bt:mutable Bt 
segregation of: 
53.5:46.5 
16 
30.25:69.75 
17 
92.6 5 1 170 nt^ 46.068** 16.523** 
0 0 1 36 0 
G 0 0 158 1 
0 0 0 139 1 
53.8 2 1 39 1 0.578ns^ 
48.4 0 3 154 1 0.167ns 
0 0 0 196 nt 
0 0 0 196 1 
44.8 11 4 193 1 0.147ns 
0 0 0 109 1 
0 0 3 191 0 
50.5 3 4 165 1 1.052ns 
0 0 0 16 G 
0 0 G 187 nt 
43.7 8 1 142 1 0.367ns 
36.7 1 1 77 1 2.663ns 
47.0 3 3 205 1 0.674ns 
46.7 1 1 108 1 0 ns 
Table 6b. (Continued) 
Number of Bt kernels 
Female Type Male 
plant of plant 
No. no. cross no. 
12 3 4 
Source 
5 
Muta­
ble 
6 
Pale 
7 
Color­
less 
8 
Col­
ored 
9 
19 9 2138-4 f 9 2430-6 C. 6, No. 16 0 0 121 0 
20 2138-7 f 2430-2 0 0 56 0 
21 9 2144-1 d 92422-7 C. 5, No. 10 92 95 8 0 
22 2144-6 d 2421-1 87 101 4 0 
23 9 2145-3 f 9 2430-1 C. 6, No. 10 0 0 158 0 
24 2145-5 f 2429-8 0 0 167 0 
25 2145-6 f 2425-8 0 0 108 0 
26 9 2151-1 d 92425-6 C. 5, No. 13 107 49 13 0 
27 2151-2 d 2423-7 69 72 8 0 
28 2151-3 d 2421-6 41 41 6 0 
29 2151-4 d 2429-7 0 196 7 0 
30 9 2152-1 f 92426-6 C. 6, No. 13 0 0 161 0 
31 2152-5 f 2410-8 0 0 149 0 
32 2152-7 f 2425-3 0 0 97 0 
33 2152-9 f 2421-2 0 0 169 0 
34 9 2158-1 d 92425-5 C. 5, No. 1 71 87 12 0 
35 2158-5 d 2402-1 0 140 16 0 
36 2158-9 d 2402-7 51 56 7 0 
37 2158-10 d 2401-8 0 63 5 0 
38 9 2159-1 f 92403-1 C. 6, No. 1 43 42 10 0 
39 2159-2 f 2409-7 0 0 97 0 
40 2159-5 f 2408-1 0 188 18 0 
41 2159-8 f 2425-3 102 119 21 0 
42 9 2210-4 d 92423-5 C. 5, No. 9 0 79 6 0 
43 9 2218-4 f 9 2425-3 C. 6, No. 11 0 0 172 0 
44 9 2225-2 f 92426-4 C. 6, No. 20 121 122 4 0 
45 9 2231-11 d 92405-5 C. 5, No. 3 18 21 1 0 
46 9 2238-6 d 92422-2 C. 5, No. 4 97 110 14 0 
A7 2238-8 d 2422-5 78 75 12 0 
39 
167 
126 
39 
159 
121 
181 
183 
112 
182 
184 
16 
196 
151 
79 
249 
109 
166 
Kucable 
Et/Total 
^ % 
11 
Ximber of bt kernels 
Muta­
ble 
12 
Pale 
13 
Color­
less 
14 
No. of 
En in 
pollen 
parent 
15 
for a nonmutable 
Bt:mutable Bt 
segregation of: 
53.5:46.5 
16 
30.25:69.75 
17 
92.6 5 1 170 nt^ 46.068** 16.523** 
0 0 1 36 0 
0 0 0 158 1 
0 0 0 139 1 
53.8 2 1 39 1 0.578ns^ 
48.4 0 3 154 1 0.167ns 
0 0 0 196 nt 
0 0 0 196 1 
44.8 11 4 193 1 0.147ns 
0 0 0 109 1 
0 0 3 191 0 
50.5 3 4 165 1 1.052ns 
0 0 0 16 0 
0 0 0 187 nt 
43.7 S i 142 1 0.367ns 
36.7 1 1 77 1 2.663ns 
47.0 3 3 205 1 0.674ns 
46.7 1 1 108 1 0 ns 
168 
Mutable 
Bt/Total 
Bt % 
11 
Number 
Muta­
ble 
12 
of bt 
Pale 
13 
kernels 
Color­
less 
14 
No. of 
En in 
pollen 
parent 
15 
2 
X for a noiunutable 
Bt;mutable Bt 
segregation of: 
Total 
10 
53.5:46.5 30.25:69.75 
16 17 
121 0 0 0 116 1 
56 0 0 0 48 0 
195 47.1 4 4 181 1 0.014ns 
192 45.3 4 1 154 1 0.066ns 
158 0 0 0 141 0 
167 0 0 0 174 1 
108 0 0 0 119 1 
169 63.3 13 4 131 2 18.544** 3.020ns 
149 46.3 9 8 107 1 0 ns 
88 46.5 1 2 82 1 0 ns 
203 0 0 13 188 0 0 ns 
161 0 0 0 153 1 
149 0 0 0 152 0 
97 G 0 0 103 1 
174 0 0 0 174 nt 
170 41.7 7 7 146 1 1.347ns 
156 0 0 9 170 0 
114 44.7 2 3 109 1 0.080ns 
68 0 0 3 54 0 
95 45.2 3 1 74 1 0.019ns 
97 0 0 0 101 0 
206 0 0 8 187 0 
242 42.1 17 5 214 1 1.670ns 
85 0 0 3 77 0 
181 0 0 0 181 1 
247 48.9 7 2 289 1 0.518ns 
40 45.0 1 3 54 1 0.001ns 
221 44.8 6 5 189 1 1.610ns 
165 48.1 4 3 147 1 0.260ns 
Table 6b. (Continued) 
Female Type Male 
plant of plant 
No. no. cross no. 
12 3 4 
Source 
5 
Muta­
ble 
6 
Number of Bt kernels 
Pale 
7 
Color­
less 
8 
Col­
ored 
9 
48 9 2245-6 d 9 2410-8 C. 5, No. 14 0 162 5 0 
49 9 2246-1 f 92410-2 C. 6, No. 14 111 158 10 0 
50 2246-2 f 2421-1 0 0 128 0 
51 2246-3 f 2410-5 115 138 12 0 
52 2246-4 f 2422-2 0 0 147 0 
53 9 2252-1 d 92405-2 C. 5, No. 21 0 178 9 0 
54 2252-2 d 2421-4 0 260 12 0 
55 2252-8 d 2422-7 87 80 12 0 
56 9 2253-1 f 92426-2 C. 6, No. 21 0 0 71 0 
57 2253-2 f 2424-5 0 0 79 0 
58 2253-3 f 2404-1 0 0 112 0 
59 2253-4 f 2406-5 0 0 121 0 
60 2253-5 f 2426-4 0 0 82 0 
61 9 2259-1 d 9 2410-3 C. 5, No. 12 0 111 11 0 
62 2259-2 d 2421-7 0 162 15 0 
63 2259-3 d 2406-7 0 138 9 0 
64 2259-4 d 2408-1 0 109 10 0 
65 2259-5 d 2421-4 0 149 13 0 
66 9 2260-3 f 92410-3 C. 6, No. 12 0 0 127 0 
67 2260-8 f 2421-8 0 0 128 0 
68 2260-17 f 2408-8 0 0 131 0 
*Significantly different at .05 level. 
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Mutable 
Bt/Total 
Number of bt kernels No. of 
En in 
pollen 
2 
X for a nonmutable 
Bt:mutable Bt 
Muta­ Color­ segregation of; 
Total Bt 7= ble Pale less parent 53.5:46.5 30.25:69.75 
10 11 12 13 14 15 16 17 
167 0 0 6 174 0 
279 37.7 4 6 234 1 4.790* 
128 0 0 0 119 1 
265 43.3 3 2 237 1 0.905ns 
147 0 0 0 132 1 
187 0 0 15 170 nt 
272 0 0 8 274 0 
179 48.6 5 3 181 1 0.239ns 
71 0 0 0 61 nt 
79 0 0 0 74 1 
112 0 0 0 123 1 
121 0 0 0 132 0 
82 0 0 0 69 1 
122 0 0 9 122 nt 
177 0 0 8 171 0 
147 0 0 11 127 nt 
119 0 0 6 101 0 
162 0 0 9 158 0 
127 0 0 0 113 nt 
128 0 0 0 152 nt 
131 0 0 0 119 1 
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Results of cross (a) 
Testcrosses, (cross (a)), of r-pa-pu)g^ya^bt, En 
plants from mutable Bt kernels yield ears with mutable (Table 
6a, column 5)f pale (column 6), colorless (column 7) and 
occasional colored ^  (column 8) kernels. Approximately one-
half of the progeny from each testcross consists of colorless 
bt kernels of apbt/apbt genotype (column 13) In addition to a 
small and variable number of mutable ^  (column 11) and pale 
bt kernels (column 12) resulting from crossing over between 
and The kernel types resulting from crosses 
(a) of Table 6a are similar to those found in a^^^r-pa-pu)g^y 
a^bt, En z a^bt/a^bt crosses listed in Tables 1 and 2 and 
Figure 3 (Materials, Methods and Sym,bols) except for the pres­
ence of the full colored Bt kernel class (column 8, Table 6a). 
This class represents a new Bt kernel type not previously 
found in a^^(r-pa-pu)gt/a^bt, En x açbt/a^bt crosses and it will 
be demonstrated in a later section that these colored kernels 
arise by germinal mutation of the allele. 
If mutable 3t kernels result from the expression of the 
^2m(r-pa-pu) ^ ^ele in the presence of an independent factor, 
a ratio of 53-5 nonmutable ^ :46.j mutable Bt kernels is ex­
pected in the progenies of r-pa-pu)g^y^^^^^ En x a^bt/a^bt 
crosses (Figure 6c, section A, column 4). If two independent 
En's are present a ratio of 30.25 nonmutable 69.75 mutable 
Bt kernels are expected (Figure 6c, section B, column 4). 
In many crosses (e.g., 95» 96, 97, 168, and I69, Table 6a), 
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there Is a deficiency of mutable ^ kernels (X tests, Table 6a). 
Furthermore, the mutable kernels that are present on the 
testcross ears are phenotypioally distinguishable, showing a 
less coarse pattern of mutation than is normally observed. As 
will be demonstrated in a later section, this deficiency of 
mutable Bt kernels results from the presence of an altered ^  
which does not induce the normal patterns of mutability with 
the 
Results of cross (b) 
Plants from mutable ^ kernels, sibs of the kernels tested 
in crosses (a), (c), (d), (e), (f), and (g), are crossed to an 
En tester, aç*^^^Bt/a^^^^^Bt, and the results of the 
aç™( r-pa~pu)Bt/a^bt, En x ^^Bt/a^^^ ^ ^Bt crosses are shown 
in Table 6a. If one En is present in the female parent, a ratio 
of one normutable:one mutable kernel is expected in the proge­
nies. If two En's, located independently of each other, are 
present, a one nonmutable:three mutable ratio is expected in 
the progenies. The ratio of kernel types in the 
^^m(r-pa-pu)g^y^^^^^ 5n x ^^Bt crosses (Table 6a) 
are consistent with these expectations except for crosses (3-5 
and 136-138, 170, 171, 261, 262, 3^9-351, 388, 413-415, 451, 
484, 503-506, 541-544, 591, and 627, Table 6a) that indicate 
a deficiency of mutable progeny resulting from an altered En. 
The ^"^^"^''^^Bt/aobt, En x ^^Bt/a^^^ ^ ^3t crosses 
(e.g., 46, 98 and 99. Table 6a) that indicate a normal En 
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expression (no significant deficiency of mutable progeny) 
yield two types of mutable Bt kernels. One type (a^^^^^Bt/ 
a^bt. En) expresses the standard mutability pattern of the 
allele with purple sectors in a colorless back­
ground, while the second type ( r-pa-pu)g^y^^m( rOgt, En) 
exhibits the standard mutability pattern of r-pa-pu)^ 
coarse purple and pale sectors in a colorless background, 
indicating ^  is present. 
Results of cross ( c) 
Plants from pale ^  kernels ^52—^ ' sibs of 
the kernels tested in crosses (a), (b), (d), (e), (f), (g) are 
crossed to a^™^^^Bt/ap^^^^Bt plants and the results are shown 
in Table 6a. These crosses are not expected to yield mutable 
progeny if pale ^ kernels do not contain If one En is 
present In the plant tested, one-half of the progeny are ex­
pected to be mutable. The results (Table 6a) of these tests 
Indicate that most plants tested did not contain En. 
Plants (e.g., 174-177, 263 and 266, Table 6a) yield muta­
ble 3t progeny although all have a significant deficiency of 
mutable Bt progeny according to the expected one mutable;one 
nonmutable kernel ratio. 
These En plants (e.g., 174-177, 263 
and 266, Table 6a) are hypothesized to contain an altered En 
that had no detectable effect on the allele while 
in the earlier kernel stage, resulting in a pale phenotype 
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characteristic of In the absence of En. However, 
In the subsequent crosses to a^^^^^Bt/a^^^^^Bt plants (Table 
6a) , activity of ^ is expressed in some progeny kernels re­
sulting in mutability. Evidence to support this hypothesis 
will be given in a later section. 
Crosses (e.g., 8, 102 and l4l, Table 6a) which yield only 
one, two or three mutable Bt kernels cannot be determined to 
have resulted from an altered En present in the r-pa-pu)g^y 
açbt parent or from pollen contamination. 
Results of cross (d) 
The pale Bt kernels ( ^ 2°^( r-pa-pu)) derived from 
testcrosses of mutable Bt ( a^^^r-pa-pu)g^^ En) kernels 
are slbs of plants used in crosses (a), (b), (c), (e), (f) and 
(g). The results of crosses (d) are shown in Table 6b. 
The pale Bt kernels are crossed to a^bt/a^bt and a^bt/ 
apbt. En pollen parents. The content of the pollen parents 
/ y^\ 
is monitored by independent crosses to the En tester (^ Bt/ 
—2^^ ) • The number of En in each pollen parent was deter­
mined by estimating the number of mutable kernels present in 
the progeny ears; the absence of mutable ^ kernels indicates 
En was not present, approximately one-half of the progeny con­
sisting of mutable kernels indicates the presence of one ^ and 
three-fourths or greater of the progeny consisting of mutable 
kernels indicates the presence of more than one En. 
In tests of the pale Bt kernels with an En-containing 
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(cross  (d ) .  Table  6b)  t e s ter  parent  ( r -pa-pu)g^y^^^^ % 
a^bt/apbt, En), ail the ear progenies showed some mutable 
kerne l s  (Table  6b) .  With  one  independent  En,  a  rat io  o f  53-5  
nonmutable ^;46.5 mutable Bt kernels (Figure 6c, section A, 
column 4) is expected in the progenies if the pales respond to 
En. If two Independent En's are present in the pollen parent, 
a ratio of 30.25 nonmutable:69.75 mutable Bt kernels (Figure 
6c, section B, column 4) in the progenies Is expected. 
In crosses with one En in the pollen parent, all 18 
crosses (5. 6, 9, 12, 15-18. 21, 22, 2?, 28, 34, 36, 45-4? 
and 55» Table 6b) agree with the expected 53.5 nonmutable: 
46.5 mutable ^ ratio in the progenies. The mutable kernels 
resulting from these crosses express a pattern of mutability 
(purple, pale and colorless sectors in a colorless background) 
identical to the mutability pattern expressed by the 
^^m(r-pa-pu) allele. The one cross (No. 26, Table 6b) with 
two independent Sn's in the pollen parent agrees with the ex­
pected 30*25 nonmutable Bt;69.75 mutable ^ ratio. In all 
12 crosses (2, 11, 13. 29, 35, 37, 42, 48, 54, 62, 64 and 65, 
Table 6b) in which the pollen parent does not contain En no 
mutable progeny are present. 
These tests on the responsiveness of plants from pale Bt 
kernels to En are consistent with the results from previous 
crosses (crosses (c). Table 6a) that demonstrated that pale 
Bt kernels do not contain an active En. 
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Results of cross (e) 
Plants from colorless Bt kernels (a^Bt/a^bt, En or 
a Bt/a bt), slbs of the plants tested in crosses (a), (b), (c), 
in ( 21 ( I* ) (d ) ,  ( f )  and (g )  are  crossed  to  ag  Bt /ao  Bt pollen 
parents. In the progenies of these crosses, a one nonmutable: 
one mutable kernel ratio is expected if one ^ is present. If 
two En's, independent of each other, are present, a ratio of 
one nonmutabletthree mutable kernels is expected in the proge­
nies. If no En is present, no mutable progeny are expected. 
The results of cross (e) are shown in Table 6a and indi­
cate that among the colorless ^ progeny of a single 
^^m(r-pa-pu^bt, En parent ear some colorless Bt kernels 
contain others do not. Some crosses (e.g., 17, 1^5 and 
180, Table 6a) that do yield mutable progeny indicate a sig­
nificant deviation from the expected ratio of nonmutable: 
mutable kernels due to a deficiency of mutable progeny. 
Two crosses (421 and 63I, Table 6a) indicate the presence 
of more than one En as shown by the nonmutable:mutable ratios 
which are in agreement with the expected ratio of I13 for the 
presence of two En's, located independently of each other. The 
presence of more than one ^ may result from the segregation 
of more than one ^ in the parent testcross ear or a somatic 
increase of Bn in the parent ear (Peterson, 1970a). 
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Results of cross (f) 
The tests of colorless ^  kernels (cross (f)—a.Bt/ 
â.2— ^ a^ht/a^bt. En) listed in Table 6b demonstrate that 
plants from colorless Bt kernels do not respond to ^ since 
mutable kernels are not present in such crosses (3t 8 and 
10, Table 6b), If the colorless allele does respond to En, 
a ratio of 53»5 nonmutable Btj46.5 mutable Bt kernels (Figure 
6c0 section A, column 4) is expected in the progenies. 
In the progenies of some crosses (38, 41, 44, 49 and 5I» 
Table 6b) mutable kernels are present. This might indicate a 
response of colorless kernels to However, these plants 
resulted from kernels that were mistakenly selected as color­
less but were in fact of a pale phenotype. This is confirmed 
by the segregation of pale Bt kernels in the progenies of each 
of these crosses. 
These tests on the response of plants from colorless Bt 
kernels are consistent with the tests demonstrating the pres­
ence  o f  ^  in co lor less  Bt  kerne l s  ( cross  ( e ) .  Table  6a) .  
Thus the presence of ^ among the tested colorless ^  kernels 
indicates that those colorless Bt kernels that occur in addi­
tion to the colorless Bt kernels resulting from crossing over 
between a^ and Bt in Bt/a^bt. En plants, arise as 
changes from the original allele and that these 
changes are coincident with a change in nonresponsiveness. 
1?8 
fiesults of oross ( k) 
Plants from colorless ^ kernels (a^bt/a^bt), slbs of 
plants tested in (a), (b), (c), (d), (e) and (f% are crossed 
to a^°^^^^Bt/a3^^^Bt pollen parents. These are expected to 
yield a one nonmutableione mutable kernel ratio in the proge­
nies if one ^ is present in the plant tested. If two En's, 
independent of each other, are present, a ratio of one non-
mutable : three mutable is expected in the progenies. If no ^ 
is present, no mutable progeny are expected* 
If the parent testcrosses (a^^fr-pa-pu)st/a^ot, En x 
a^bt/a^bt) contain one En segregating independently of the 
ag locus, one-half of the colorless ^ kernels (a^bt/a^bt) in 
the progenies are expected to contain If two ^'s are 
segregating, independently of the locus and each other in 
^^m(r-pa-pu)B.{./a^bt, En, En x a^bt/a^bt crosses, three-fourths 
of the colorless ^ kernels in the progenies should contain 
and, of the plants containing two-thirds should contain 
one ^ and one-third two En. 
Tests of the colorless ^ kernels for the presence of En 
( cross (g). Table 6a) indicate that En is segregating. Among 
the colorless ^ progeny of a single parent ear, some a^bt/a^bt 
kernels contain ^ as Indicated by the presence of mutable 
progeny; others do not, X tests (not shown in Table 6a) are 
applied to determine if the numbers of plants tested for ^ 
from each parent a^^^r-pa-pu)a^bt, 5n ear fit the one:one 
ratio expected if one independent ^ is segregating in the 
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parent ear. The a^bt/a^bt progeny from all parent testcross 
ears except two involving crosses (423-446 and 599-622, Table 
6a) do not deviate significantly from the expected one tone 
ratio. Again many crosses (e.g., 25» 28 and 31, Table 6a) 
which yield mutable progeny significantly deviate from the 
expected one nonmutable:one mutable ratio of kernels in the 
progenies because of deficiencies of mutable kernels and, as 
will be demonstrated, this deficiency is caused by an altered 
En. 
Colorless ^  kernels selected from one parent ear (crosses 
423-446, Table 6a) show 18 of 24 plants with ^  and from another 
parent ear 1? of 24 plants tested contain (crosses 599-622, 
Table 6a). These crosses fit the expected 1x3 ratio of plants 
with no En;plants with En arising from two independent En's 
segregating in the parent testcross ear. Also crosses (423, 
444, 599. 600, 601, 605, 6O8, 611, 616 and 61?, Table 6a) 
indicate the presence of more than one En in these plants tested 
which is expected if more than one ^  is segregating in the 
parent testcross ear. 
The results of crosses shown in Tables 6a and 6b confirm 
the proposed hypothesis that the allele expresses 
a mutable phenotype in the presence of an independent factor. 
In the absence of this factor, the ^^(r-pa-pu) allele expresses 
a pale phenotype. In addition, it has been demonstrated that 
this factor is En. 
ISO 
Germinal Derivatives of the 
-2™ Allele 
Full colored types 
The kernel patterns expressing the ^ effect on the 
allele varies. Some have many, early (coarse) 
sectors and others have a few, late (fine) sectors in the 
kernels of the testcross progenies. In those with coarse 
patterns of mutability, exceptional full colored Bt kernels 
are occasionally recovered (column 7, Table 7). The frequency 
of colored Bt derivatives among these progenies ranges from 
0.4 to 2,?^ (column 13, Table 7). Colored derivatives are not 
recovered from the allele in the absence of En. 
These colored derivatives occur as single kernels on the 
progeny ear (column 7» Table 7). The pigment intensity of the 
aleurone of these mutants varies from a dark pale to full Ag 
expression. 
Prom such testcross progenies of the allele, 
36 colored ^ kernels (column 7, Table 7)» designated Ag*, are 
selected and tested for genotype and content. Two crosses 
are utilized; as a female to confirm the genotype and as a 
pollen parent to an ^ tester. The results of these crosses 
are shown in Table 8. Of the 32 crosses, the genotype of the 
putative mutations are» 30» A^'Bt/a^bt or A^Bt/a^bt (Ag* and 
Ag phenotypes are identical for some A^* alleles), one (No. 21, 
Table 8) A^Bt/a^Bt or A^'Bt/a^Bt, and one (No. 56, Table 8) 
Si-
Table ?. Analysis of putative colored derivatives of the 
a mlr-pa-pu; allele. Testcrosses of pl^ts from se-
Tected mutable ^ kernels of a^ -P8-"P 'Bt/apbt, En 
that yield full colored Bt progeny 
Number of Bt 
Female Color-
No, plant no.®' Source Mutable Pale less 
12 3 4 5 6 
1 9 2209-2 Table 2, 
col. 4, No. 9 
114 128 21 
2 9 2258-1 Table 2, 
co l .  4 ,  No .  12 
107 127 33 
3 9 2258-2 Table 2, 
co l . ,  No .  12  
42 56 9 
4 0 2429-1 Table 6a, 
co l .  5 i  No .  44 
50 66 b 
5 0 5015-1 Table 6b, 
col. 6, No, 22 
61 44 11 
6 0 5015-2 Table 6b, 
col. 6, No. 22 
128 99 b 
7 0 5015-3 Table 6b, 
col. 6, No. 22 
81 76 12 
8 0 5040-1 Table 6b, 
col. 6, No. 34 
71 160 b 
9 0 5432-2 Table 6b, 
col. 6, No, 46 
58 42 38 
10 0 5432-5 Table 6b, 
col. 6, No, 46 
49 63 34 
11 0 5464-1 Table 6b, 
col. 6, No. 18 
.97 128 24 
12 0 5464-2 Table 6b, 
col. 6, No. 18 
96 97 66 
13 0 5464-3 Table 6b, 
col. 6, No. 18 
41 58 20 
®The first digit in plant numbers beginning with 0 desig­
nates the year 1970. 
^Included in the pale column. 
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kernels 
Mutable 
Bt/Total 
"Bt  % 
9 
Number of bt kernels Colored 
Bt/Total 
It % 
"~13 
Colored 
7 
Total 
8 
Muta­
ble 
10 
Pale 
11 
Color­
l e ss  
12 
7 270 42 .2  2 4 262 2 .5  
3 270 39 .6  8 3 254 1 .1  
3 110 38 .1  4 1 105 2.7 
3 119 42 .0  3 3 121 2 .5  
1 117 52 .1  4 3 128 0 .8  
2 229 55  «8  4 3 166 0 .8  
1 170 47.6 5 3 122 0 .5  
6 237 29 .9  7 14 230 2 .5  
3 l4l 41.1 3 4 122 2 .1  
4 150 32.6 5 3 124 2 .6  
1 250 38.8 4 8 228 0 .4  
6 265 36.2 7 6 249 2 .2  
2 121 33 .8  10 8 134 1 .6  
Table 8. Analysis of putative colored derivatives of the a^"^ ^ 
allele. Plants from colored ^  kernels (Table 7, column 7) 
are (a) testcrossed,.and (b) crossed as pollen parent to an En 
tester (a^™ Bt/a^ Bt) 
Number of Bt kernels 
Type 
of Muta- Color-
No. Plant no. Source cross ble Pale less Colored Total 
1  2  3  4 5 6 7 8 9  
1 1 2417-1 No. 4 a 0 0 14 169 183 
2 b 0 0 71 51 122 
3 1 2417-2 No. 4 a 0 0 4 103 107 
4 b 0 0 141 108 249 
5 1 2417-3 No. 4 b 13 0 22 36 71 
6 1 2418-1 No. 8 a 0 0 13 161 174 
7 1 2418-2 No. 8 a 0 0 33 137 170 
8 1 2418-3 No. 8 a 0 0 11 161 172 
9 b 104 0 137 203 444 
10 1 2419-1 No. 1 a 0 0 13 208 221 
11 b 95 0 149 214 458 
12 1 2420-1 No. 1 a 0 0 9 126 135 
13 b 59 0 154 223 436 
14 1 2421-1 No. 1 a 0 0 12 272 284 
15 b 0 0 138 151 289 
16 1 2422-1 No. 1 a 0 0 31 291 322 
17 b 115 0 61 186 362 
18 1 2423-1 No. 1 a 0 0 23 242 265 
19 b 0 0 131 130 261 
20 1 2424-1 No. 5 a 0 0 9 106 115 
^The first digit in plant numbers beginning with 1 designates the 
year 1971. 
^ns = nonsignificant in difference. 
^Significantly different at .05 level. 
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for a 
colored: Number of bt kernels 
Mutable noncolored 
Bt/Total Colored/ segregation Muta­ Color­ Grand 
Bt % Total 7o of 1:1 ble Pale less Colored Total 
10 11 12 13 14 15 16 17 
0 52.3 0.705ns ^  0 0 159 21 363 
0 41.8 2.959ns 0 0 0 0 122 
0 51.8 0.228ns 0 0 99 8 214 
0 43.3 4.112* 0 0 0 0 249 
18.3 50.7 0 ns 0 0 0 0 71 
49.7 0.003ns 0 0 165 15 354 
47.2 0.881ns 0 0 140 18 328 
47.3 0.950ns 0 0 189 19 380 
45.7 3.083ns 0 0 0 0 444 
50.8 0.084ns 0 0 197 9 427 
20.8 46.7 1.836ns 0 0 0 0 458 
47.3 0.668ns 0 0 141 9 285 
13.5 51.1 0,185ns 0 0 0 0 436 
52.2 1.045ns 0 0 251 16 551 
0 52.2 0.498ns 0 0 0 0 289 
50.4 0.025ns 0 0 278 23 623 
31.7 51.3 0.223ns 0 0 0 0 362 
48.8 0.225ns 0 0 251 20 536 
0 49.8 0 ns 0 0 0 0 261 
56.0 5.639* 0 0 76 14 205 
Table 8 .  (Continued) 
No. 
1 
Plant no. 
2 
Source 
3 
Type 
of 
cross 
4 
Number of Bt kernels 
Muta- Color-
ble Pale less Colored Total 
5 6 7 8 9 
21 1 2424-2 No. 6 a 
22 1 2424-3 No. 7 a 
0 
0 
0 
0 
181 
15 
155 
128 
336 
143 
23 
24 
1 2425-1 No. 2 a 
b 
0 
56 
0 
0 
14 
70 
160 
141 
174 
267 
25 
26 
1 2426-1 No. 2 a 
b 
0 
0 
0 
0 
9 
253 
118 
245 
127 
498 
27 
28 
1 2427-1 No. 2 a 
b 
0 
76 
0 
0 
26 
62 
172 
144 
198 
282 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
1 2428-1 No. 3 
1 2429-1 No. 3 
1 2430-1 No. 11 
1 2430-2 No. 12 
1 2430-3 No. 12 
a 
b 
a 
b 
a 
b 
a 
b 
a 
b 
0 
92 
0 
134 
0 
84 
0 
101 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
16 
77 
3 
155 
12 
80 
13 
144 
14 
54 
118 
191 
18 
260 
200 
185 
206 
184 
147 
59 
134 
360 
21 
549 
212 
349 
219 
429 
161 
113 
39 
40 
41 
42 
1 2430-4 No. 12 
1 2430-5 No. 12 
1 2430-6 No. 12 a 
b 
56 
0 
0 
0 
0 
0 
0 
0 
66 
18 
15 
189 
122 
139 
252 
162 
244 
157 
267 
351 
^^Significantly different at .01 level 
Grand 
Total 
17 
336 
270 
322 
267 
247 
498 
373 
282 
254 
360 
36 
549 
391 
349 
455 
429 
323 
113 
244 
284 
548 
351 
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X for a 
colored; Number of ^  kernels 
noncolored 
Colored/ segregation Muta- Color-
Total °L of 1:1 ble Pale less Colored 
11 12 13 14 15 16 
46.1 1.860ns 0 0 0 0 
50.0 0 ns 0 0 120 7 
52.1 0.524ns 0 0 140 8 
52.8 0.734ns 0 0 0 0 
51.4 0.145ns 0 0 111 9 
49.1 0.098ns 0 0 0 0 
49.8 0 ns 0 0 161 14 
51.0 0.088ns 0 0 0 0 
50.0 0 ns 0 0 111 9 
53.0 1.225ns 0 0 0 0 
52.7 0.625ns 0 0 14 1 
47.3 1.428ns 0 0 0 0 
52.4 0.828ns 0 0 174 5 
53.0 1.146ns 0 0 0 0 
49.2 0.041ns 0 0 218 18 
42.8 8.391** 0 0 0 0 
52.6 0.452ns 0 0 139 23 
52.2 0.141ns 0 0 0 0 
50.0 0 ns 0 0 0 0 
48.9 0.088ns 0 0 112 15 
49.0 0.147ns 0 0 264 17 
46.1 1.925ns 0 0 0 0 
Table 8. (Continued) 
Number of Bt kernels 
Type 
of Muta- Color-
No. Plant no. Source cross ble Pale less Colored Total 
1 2 3 4 5 67 8 9 
43 1 2430-7 No. 12 a 0 0 26 167 193 
44 b 0 0 231 192 423 
45 1 2430-8 No. 13 a 0 0 9 155 164 
46 b 0 0 20 14 34 
47 1 2430-9 No. 13 a 0 0 10 172 182 
48 b 0 0 180 137 317 
49 1 2431-1 No. 9 a 0 0 22 184 306 
50 b 122 0 22 174 318 
51 1 2431-3 No. 9 a 0 0 16 121 137 
52 b 103 0 68 179 350 
53 1 2431-4 No. 9 a 0 0 13 74 87 
54 b 65 0 82 130 277 
55 1 2431-5 No. 10 b 0 0 167 163 330 
56 1 2431-6 No. 10 a 53 80 4 0 137 
57 b 137 77 80 0 294 
58 1 2431-7 No. 10 a 0 0 17 142 159 
59 1 2431-8 No. 10 a 0 0 7 139 146 
60 b 178 0 54 171 403 
61 1 2431-9 No. 10 a 0 0 21 151 172 
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X for a 
colored: Number of bt kernels 
Mutable noncolored 
Bt/Total Colored/ segregation Muta­ Color­ Grand 
Bt % Total % of 1:1 ble Pale less Colored Total 
10 11 12 13 14 15 16 17 
50.1 0 ns 0 0 169 29 391 
45.3 3.413ns 0 0 0 0 423 
46-7 1.386ns 0 0 177 8 349 
41.1 0.735ns 0 0 0 0 34 
49.7 0.002ns 0 0 169 5 356 
0.3 43.2 5.564* 0 0 0 0 317 
51.1 0.158ns 0 0 176 23 405 
38.3 54.7 2.644ns 0 0 0 0 318 
53.9 1.563ns 0 0 114 31 282 
29.4 51.1 0.140ns 0 0 0 0 350 
46.5 0.703ns 0 0 79 6 172 
23-4 46.9 0.924ns 0 0 0 0 277 
0 49.3 0.027ns 0 0 0 0 330 
38.6 0 10 5 109 0 261 
47.5 0 0 0 0 0 294 
53.0 1.460ns 0 0 123 20 302 
49.8 0 ns 0 0 143 10 299 
44.1 42.4 8.933** 0 0 0 0 403 
47.9 0.485ns 0 0 160 16 348 
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These results are consistent with the hypothesis that 
the full colored Bt kernels result from germinal mutation of 
the allele. If the colored Bt kernels resulted 
from the mutation of the allele in a2^(r-pa-pu)Bt/ 
a^bt. En plants, they would all be expected to be * Bt/; 
30 of 32 were *Bt/a^bt or A^Bt/a^bt. The alternative, that 
the colored Bt exceptions resulted from contaminate A^Bt 
pollen, would have yielded approximately equal numbers of 
A^Bt/a^bt and A_Bt/a.™(r-pa-pu)colored kernels on 
g^^m(r-pa-pu)gt/a^bt. En testcross ears. 
There is additional support that these are truly germinal 
mutations. The range of pigment intensity varies from dark 
pale to full Ag expression. This would not be expected if the 
colored kernels resulted from contaminate A^Bt pollen which 
would have yielded a uniform dark color. One of the two ex­
ceptions tested (No. 21, Table 8) is A^*Bt/a^Bt or A^Bt/a^Bt 
and resulted from contaminate A^Bt or a^Bt pollen. The other 
exception (No, 56, Table 8) has an a_^(r-pa-pu)gt/a^bt, En 
genotype. This indicates that the embryo and endosperm are of 
different genotypes; the embryo being a^™^r-pa-pu)gt/a_bt. En 
and the endosperm A^ 'A^ * Bt Bt/— or A^Bt/—/—. 
The Ag' derivatives appear to be normally inherited as 
alleles of the a^ locus (cross (a). Table 8). Only one test-
cross (No. 20, Table 8) has a value (column 12, Table 8) 
which deviates significantly from the expected one coloredt 
one noncolored kernel ratio in the progenies. This deviant 
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ratio results from an excess of colored kernels and can be 
explained by the low nimber of ^ progeny and the high number 
of colored ^ recombinants (14 recombinants of 90 progeny). 
In tests of the ^ content of the full colored ^ kernels, 
17 of the 29 yielded mutable progeny indicating the presence 
of ^ and 12 were without En (cross (b). Table 8). The 1? 
plants that contain ^ demonstrate that these Ag* alleles do 
not respond to The absence of ^ in the other 12 plants 
expressing Ag* alleles limits any statement on the responsive­
ness of these 12 to However, with one or more segregat­
ing ^*s associated with these newly derived mutations, 
some would be expected to be associated with ^ and others 
would be without En. 
The segregation of colored progeny among these crosses 
included some (4, 36, 48 and 60, Table 8) which deviated sig­
nificantly from the expected one coloredione noncolored kernel 
ratio in the progenies. In each case there was a deficiency 
of colored progeny. It cannot be determined if this reduction 
is due to the A^* alleles involved or to other factors. 
The visual distinction of these colored derivatives is 
verified by a quantitative analysis of the anthocyanin pigment 
present in the kernels. The comparison is among three inde­
pendent colored derivatives (Ag'/A^'/a^) and pale kernels 
, Included in the comparison 
are the colored (Ag/Ag/a^) and colorless controls. 
The results are shown in Table 9* An analysis of variance and 
Table 9' Quantitative determination of euithooyanln content of kernels of Ap'/Ao'/ap 
« m(r-pa-pu)y2^mTr-pa-pu)y^^ genotypes. Kernels of genotypes 
are utilized as controls 
and ag 
and 82^2^2 
Ear 
no .  
1 
Plant no, 
2 
Source 
3 
Genotype 
4 
Geno­
type Pheno-
no, type 
5 6 
Sam­
ple Optical 
no, density 
7 8 
Genotype and 
ear means 
9 
Control 
^2^2-2 colored 1 2 
3 
.70  
.72  
.72  
*Ear 1='?^^ 
3 1 2417-1 
1 2421-1 
5 1 2427-1 
9 2101-2 
Table 7 Ag'Ag'ag 2 
column 7 " " 
No.  14  
Table 7 A,'A,'a? 3 
column 7 
No.  4  
Table 7„ A^'AAa? 4 
column 7 
No, 27 
column 5 
No. 7 -2 
^2 
7 9 2129-2 Table 2 ^ ifi(r-pa-pu) ^ 
column 5 " ag^fr-pa-pu)/ 
1 
2 
3 
light 1 
colored 2 
3 
colored 
colored 
pale 
pale 
No.  6  â2 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
.12 
. 13  
.13  
.39  
.70 
. 79  
.78  
.05 
.05 
.05 
.05 
, 04  
,04  
^Ear 2='*9 
^Genotype i"*"^® 
^Ear 3= 
^Genotype 2=*^^ 
^Ear 4='^° 
^Genotype 3='^® 
^Ear 5=*7^ 
^Genotype 4=*'^^ 
^Ear 6='05 
^Ear 
Table 9# (Continued) 
Ear 
no ,  
1 
Plant no. 
2 
Source 
3 
Geno­
type 
Genotype no. 
4 5 
Pheno-
type 
6 
Sam­
ple 
no. 
7 
Optical 
density 
8 
Genotype and 
ear means 
9 
8 9 2129-3 Table 2 
column 5 
No, 6 
•  m(r -pa-pu) ,  
-2 m(r-pa-pu) , 
-2 ' 
&2 
5 pale 1 
2 
3 
.05 
• OS 
.04  
*Ear 8='°5 
9 9 2136-1 Table 2 
column 5 
No, 16 
m(r-pa-pu) /  
-2 .  m(r-pa-pu) ,  
-2 / 
^2 
5 pale 1 
2 
3 
,04  
.04  
.03  
^Ear 9='°9 
10 9 2136-2 Table 2 
column 5 
No, 16 
m(r-pa-pu) ,  
-2  m(r-pa-pu) ,  
-2 / 
^2 
5 pale 1 
2 
3 
,04  
.04 
.04  
^Ear 10='°^ 
11 9 2143-2 Table 2 
column 5 
No,  10  
m(r-pa-pu)y  
-2„ m(r-pa-pu) 
% 
5 pale 1 
2 
3 
.08 
.06 
.06 
^Ear 11='07 
12 9 2143-3 Table 2 
column 5 
No.  10  
m(r-pa-pu) ,  
-2  m(r-pa-pu) /  
-2 
5 pale 1 
2 
3 
.05  
^Ear 12='°^ 
13 9 2150-2 Table 2 
column 5 
No. 13 
m(r-pa-pu) , 
-2  m(r-pa-pu) ,  
-2 / 
^2 
5 pale 1 
2 
3 
.08  
.06 
.07 
^Ear 13=*®^ 
14 0 4948-1 Table 6a 
column 6 
No. 219 
m(r-pa-pu) ,  
-2  m(r-pa-pu) /  
&2 ' 
^2 
5 pale 1 
2 
3 
.06 
,06 
.05 
*Ear 14= 
Table 9. (Continued) 
Geno 
Ear type 
no .  P lant  no .  Source  Genotype  no ,  
12 3^ 5 
15 0 4,48.5 5 
No,  219  ag  
16 0 5414-1 TaMe^6a 5 
No.  502  ag  
17 0 5414-3 Ta.le_^6a 5 
No. 502 ^ag 
18 0 5416-1 Ta.le^6a 5 
No, 503 &2 
19 0 5416-6 ^^6; 5 
No,  503  ag  
20 Control ^2—2—2 & 
Pheno-
tpe 
6 
Sam­
ple Optical 
no. density 
7 8 
Genotype and 
ear means 
9 
pale 1 ,06  
2 .06  
3 .05  
pale 1 .07  
2 .07  
3 ,06  
pale 1 .03  
2 .03  
3 .02  
pale 1 .05  
2 .05  
3 .05  
pale 1 .06  
2 .05  
3 .05  
colorless 1 .03  
2 .03  
3 .03  
colorless 1 .05  
2 .03  
3 .03  
^Ear 15='06 
*Ear l6='06 
*Ear 17-
*Ear 18='05 
^Ear 19"'°^ 
^Genotype 5" 
^Ear 20='03 
*Ear 21='0^ 
Table 9« (Continued) 
Ear 
no .  
1 
Plant no, 
2 
Source 
3 
Genotype 
4 
Geno­
type 
no .  
5 
Pheno-
type 
6 
Sam­
ple 
no .  
7 
Optical 
density 
8 
Genotype and 
ear means 
9 
22 Control 2222^2 6 colorless 1 2 
3 
.02  
.02  
.02  
^Ear 22=.02  
23 
^2-2-2 6 colorless 1 2 
3 
.04  
.04  
.04  
%Ear 23= .04  
24 
-2-2-2 6 colorless 1 2 
3 
.04  
.03  
.03  
*Ear 24= .03  
25 
^2-2-2 6 colorless 1 2 
3 
.02  
.03  
.03  
*Ear 25='03 
26 
-2-2-2 6 colorless 1 2 
3 
.02  
.02  
.02  
*Ear 26='02  
27 
-2-2-2 6 colorless 1 2 
3 
.02  
.02  
.03  
*Ear 27='°^ 
A=.028  
H 
vO 
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F tests indicate that there are significant differences among 
the genotypic means and the ear means within genotypes (Table 
10), The differences among ears within genotypes may represent 
the varied expression of the same allele in different genetic 
backgrounds since no effort was made to develop a uniform 
background. 
Table 10. Mean squares and F ratios from analysis of variance 
for optical density measurements of anthocyanln con­
tent of maize kernels of different genotypes 
Source of 
variation d . f .  
Optical 
density P ratio 
Genotype 5 0.760 2079.3** 
Ears within 
genotypes 21 0.00037 3.592* 
Samples within 
ears within 
genotypes 54 0.000103 
••Slgnifleant at the 1 percent level of probability» 
•Significant at the 5 percent level of probability. 
Least significant difference (LSD) tests are applied to 
the 15 two-way comparisons between the six genotypic means 
(column 9» Table 9)o Thirteen of the I5 comparisons indicate 
significant differences between the genotypic means at the .01 
level. The difference between genotypes 1 (Ag/Ag/a^g* column 9t 
Table 9) and 4 (Ag'/Ag'/ag* column 9# Table 9) is significant 
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at the ,05 level but not at the .01 level as is the difference 
between genotypes 5 (Ê.2^(r-pa-pu)/(r-pa-pu)^ column 9» 
T a b l e  9 )  a n d .  6  2 ^ — 2 *  c o l u m n  9 »  T a b l e  9 ) .  
The three colored germinal mutations (ears no, 3, 4 and 5i 
column 1, Table 9) are significantly different from each other, 
s h o w i n g  a  w i d e  r a n g e  o f  a n t h o c y a n i n  c o n t e n t  ( . 1 3 ,  . 4 0  a n d  . 7 6 ) ,  
and are consistent with their variable phenotypes. 
Colorless types 
In addition to the colored types, a regular and frequently 
occurring derivative of the allele is the appear­
ance of colorless Bt types among the progeny. Their appearance 
in standard testcross procedures is complicated by the expected 
occurrence of the same phenotype as a result of crossing over 
between ag and Bt in a^^^r-pa-pu)gt/a_bt heterozygotes and by 
the difficulty in distinguishing the colorless types from light 
pale phenotypes. In order to obviate these difficulties, the 
^^m(r-pa-pu) allele is crossed to A^Bt/A^Bt since the use of 
the resulting genotype, a^n>(r-pa-pu^g^/A^Bt, will eliminate 
the complication of crossing over as a contributor to colorless 
Bt kernels. Colored Bt kernels (column 4-, Table 11) are se­
lected from a2™( r-pa-pu)aEn x A^Bt/A^Bt crosses and the 
resu l t ing  p lants  t es tcrossed  (Table  12) .  
The testcrossed plants from colored Bt kernels are of 
three distinguishable genotypes: (a) A^Bt/a^bt, (b) A^Bt/ 
^^m(r-pa-pu)g^ and (c) A^B^a^^^Bt, The A^B^a^^ 
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Table 11. Isolation of colorless derivatives of the 
ni(r-pa-pu) allele. Crosses of plants from mutable 
Br kernels (a-g r-pa-pu]Bt/a bt, En) to A Bt/A^Bt 
pollen parents ~2 ^ 
No. 
1 
Female 
plant no.®" 
2 
Source 
3 
Colored 
Bt kernels 
— n. 
1 0 4911-1 Table 6a, 
col. 5, no. 44 
286 
2 0 4912-1 Table 6a, 
col. 5, no. 44 
315 
3 0 4912-3 Table 6a, 
col. 5, no. 44 
298 
4 0 5407-1 Table 6a, 
col, 5, no. 411 
333 
^he first digit of the female plant no, designates the 
year 1970. 
types (1, 2, 6, 8, 9, 10 and 1 3 ,  Table 12) are discarded since 
they do not contain the a allele. Since En induces 
-2 — 
mutational events at colorless Bt kernels are 
selected from A.Bt/a.™(^""^"^^)Bt, En testcross ears (3» 5t 7 
and 12, Table 12) and the resulting plants crossed to a_bt/ 
a^bt. En. a^bt/a.bt and a^™(^^Bt/a^^^^^Bt plants to test re­
sponse to ^ and characterize the ^ content. The results of 
these crosses are shown in Table 13» 
Colorless derivatives are derived from mutations of 
^^m(r-pa-pu) in tests for En, eight out of 11 (2, ?, 8, 10, 
17, 18, 19 and 22, Table 13) yield mutable progeny, indicating 
Table 12. Isolation of colorless derivatives of the 
m(r-pa-pu) allele. Testcrosses of plants from 
colored Bt kernels (Table 11, column 4) to recover 
ears of a^Bt/aJ^f)Bt, En genotype (plants 
from the same source are sibs) 
No.  
1 
Female 
p lant  no .  
2 
Source 
3 
Genotype 
4 
• 
1 Ig 105B-1-1 No. 1 62—/Ê:2— 
2 Ig 105B-1-3 AgBt/ 
3 Is 1055-2-1 No. 2 En 
4 Ig 105B-2-2 AgBt/ag""' r-pa-pu)3j 
5 Ig 105B-2-3 En 
6 Ig 105B-6-1 No. 3 
^2—^—2— 
7 Ig 105B-6-2 En 
8 Ig 105B-6-3 A2^/^2kË 
9 Ig 105B-6-4 
^2—/^2— 
10 Ig 105B-6-5 AçBt/a^bt 
11 Ig 105B-7-1 No. 4 A2—/§2— 
12 Ig 105B-7-2 En 
13 Ig 105B-7-3 AgBt/a2^ 
14 Ig 105B-7-4 
^Included in pale column. 
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Nimber of Bt kernels Number of bt kernels 
Mutable 
5 
Pale 
6 
Color­
less 
7 
Colored 
8 
Mutable 
9 
Pale 
10 
Color­
less 
11 
Colored 
12 
0 0 6 162 0 0 128 13 
0 0 8 130 0 0 146 3 
87 37 _a 120 0 0 0 0 
0 121 0 140 0 0 0 0 
95 18 _a 122 0 0 0 0 
0 0 18 211 0 0 189 22 
125 24 a 127 0 0 0 0 
0 00 7 156 0 0 130 13 
0 0 16 128 0 0 137 4 
0 0 5 96 0 0 69 3 
0 0 11 182 0 0 167 13 
75 80 _a 154 0 0 0 0 
0 0 6 140 0 0 129 3 
0 142 0 153 0 0 0 0 
Table 13. Isolation of colorless derivatives of the a^ allele. 
Crosses of plants from colorless Bt kernels containing putative 
colorless alleles (Table 12, column 6) from testcross a^Bt/ 
^^m(r pa En ears to pollen parents of (a) a^bt/aobt. En 
and and (b) Bt/ao"^ Bt genotype to test for 
response to En and En content (plants from the same source are 
sibs) 
Number of Bt^ kernels 
Type 
of Muta- Color-
cross Source ble Pale less Colored Total 
3 4 5 6 7 8 9 
1 1 2338-1 b No. 7 0 0 296 0 296 
2 -2 b 118 0 133 0 256 
3 -3 b 0 19 15 0 34 
4 -5 a 25 18 2 0 45 
5 -6 a 0 0 184 0 184 
6 -7 a 0 0 168 0 168 
7 1 2339-1 b No. 12 140 0 147 0 287 
8 -2 b 52 0 54 0 106 
9 -3 b 0 150 131 0 281 
10 -4 b 148 0 176 0 324 
11 -5 a 0 0 142 0 142 
12 
-6 a 0 0 163 0 163 
13 -7 a 0 0 158 0 158 
14 -8 a 0 120 6 0 126 
15 -9 a 140 4 8 0 152 
16 -10 a 41 45 0 0 86 
17 1 2342-1 b No. 3 121 0 154 0 275 
18 -2 b 21 0 28 0 49 
The En content of the pollen parents ,is determined by independently 
crossing these plants to an En tester (a^™^^^Bt/a^™ Bt). If no mutable 
progeny result. En is not present in the plant tested. If the progeny 
kernels fit a one nonmutab le : one mutable ratio, one En is present in the 
plant tested. If the progeny kernels fit a 1 nonmutable:3 mutable ratio, 
two En are present. The results of these tests are shown in Table 18, 
Appendix. 
"ns = nonsignificant in difference, 
**Significantly different at .01 level. 
Female 
No. plant no. 
1 2 
201 
Mutable 
Bt/Total 
Bt % 
10 
X for a nonmutable Bt: 
mutable ^  segregation of; 
1:1 
11 
53.5:46.5 
12 
30.25: 
69.75 
13 
No. of ^  kernels 
Muta- Color-
ble Pale less 
14 15 16 
No. of 
Pollen En in 
parent pollen 
utilized parent 
17 18 
0 0 0 0 
46.0 1.410ns 0 0 0 
0 0 0 0 
55.5 1.141ns 0 0 30 1 2535-2 1 
0 0 0 162 2534-4 1 
0 0 0 176 2536-3 0 
48.7 0.125n8 0 0 0 
49.0 0.009n8 0 0 0 
0 0 0 0 
45.6 2.250n8 0 0 0 
0 0 0 129 1 2531-4 1 
0 0 0 151 2534-4 1 
0 0 0 139 2538-4 1 
0 0 2 126 2537-3 0 
92.1 34.950** 4 0 122 2534-3 2 
47.6 0.012ns 2 2 74 2537-5 1 
44.0 3.723ns 0 0 0 
42.8 0.734ns 0 0 0 
Table 13. (Continued) 
Number of ^  kernels 
Type 
Female of Muta- Color-
No. plant no. cross Source ble Pale less Colored Total 
1  2  3 4  5 6 7 8  9  
19 1 2342-3 b No. 3 98 0 93 1 192 
20 -4 a 0 0 113 0 113 
21 -5 a 0 0 76 0 76 
22 1 2343-1 b No. 5 169 0 220 0 309 
23 -2 a 76 130 10 0 216 
24 -3 a 0 0 126 0 126 
25 -4 a 0 0 123 0 123 
*Significantly different at .05 level. 
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2 
X for a nonmutable 
mutable Bt_ segregation of; 
Mutable 
Bt/Total 30.25: 
Bt % 1:1 535:465 69.75 
10 11 12 13 
No. of ^  kernels No. of 
Parent En in 
îfiita- Color- parent pollen 
ble Pale less utilized parent 
14 15 16 17 18 
51.0 0.046n8 0 0 0 
0 0 0 108 1 2532-2 0 
0 0 0 66 2533-1 1 
43.4 6.426* 0 0 0 
35.1 10.665** 14 3 175 1 2545-5 1 
0 0 0 108 2531-4 1 
0 0 0 118 2532-2 0 
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the presence of En. In all eight crosses the ratio of non-
mutable mutable kernels does not significantly deviate from 
the one I one ratio expected if one En is present in the plant 
tested. The presence of ^ indicates that these colorless Bt 
types arose as changes from and that these changes 
are coincident with a change to nonresponsiveness. One out of 
the 11 crosses (No. 1, Table 13) did not yield mutable progeny 
when tested for En# indicating that En is not present and thus 
limiting a definitive statement on the responsiveness of this 
colorless derivative. In the remaining two crosses to the 
^2®(r)g^^^m(r)^ tester (3 and 9, Table 13), pale kernels 
appeared in the progenies verifying the presence of the 
^m(r-pa-pu) allele. In the initial selection, light pale 
(a_^^r-pa-pu)gt/a^bt) instead of colorless Bt kernels were 
selected. 
Mutable progeny did not appear among six out of 10 crosses 
(5, 11, 12, 13, 21 and 24, Table 13) of plants from colorless 
Bt kernels to 2—* ~ plants. Therefore, these color­
less types do not respond to and are distinguishable from 
the allele. The remaining four crosses (4, 15» 
16 and 23» Table 13) to a^bt/a^bt. En parents result in mutable 
and pale progeny indicating the presence of the 
allele. The nonmutable Bt mutable Bt ratios of the progeny 
kernels of these crosses (4, 15» 16 and 23» Table 13) do not 
significantly deviate from the expected nonmutable Btmutable 
Bt ratios, 53*5*46.5 for one En and 30*25*69*75 for two inde-
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pendent ^  in the a^ht/a^bt. En parent and the presence of 
the ^ ®(i'-pa-pu) allele (Figure 6c, sections A and B, column 4). 
Three out of four crosses (6, 20 and 25» Table 13) of 
colorless types to a^bt/a^bt parents resulted in only color­
less progeny and no definitive statement of the responsiveness 
of these colorless types may be made. The remaining cross 
(No, 14, Table I3) to an a^bt/a^bt parent results in pale 
progeny indicating the presence of the r-pa-pu) aiigig. 
Changes in State of ^  Activity 
The altered expression of the and 
alleles in the presence of was detected in several crosses 
during this investigation. This change was initially detected 
in the observations of the reduction in size and frequency of 
pale and purple sectors with and of purple sectors 
with in the aleurone when En was present. In some 
kernels that were expected to contain ^  with the r-pa-pu) 
or allele, no mutations could be detected nor was the 
pale pigmentation of a^™^ r-pa-pu) g^ppressed. 
The hypothesis that an altered ^  is responsible for the 
modified expression of the and alleles was 
initially considered since the regulatory element, Spm, has 
been shown to mutate to a form, Spm^. which demonstrated a re­
duced ability to suppress gene action and induce mutation 
(McClintock, 1965a). 
These altered expressions of mutability were Initially 
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detected among ear cultures of a.^^^^Bt/a^bt, En, a^"*^Bt/ 
a Bt, En and a ^"^"^^^Bt/a^bt, En testcrosses (columns 4- and 
5,  Table 14) .  
The following kernel types were selected from these test-
crosses and utilized in a series of crosses to determine if ^  
is responsible for the altered patterns of mutability of the 
^m(r-pa-pu) ^^m(r) alleles. These kernel types and their 
crosses arei 
(a) Mutable Bt kernels (a.™^Bt/a^bt, En and ^ Bt/ 
a^bt. En), selected from a.^f^^Bt/a.bt, En, ao°^^^^Bt/ 
a^Bt. En and a^™^r-pa-pu)Bt/a^bt, En testcrosses (columns 
4 and 5t Table 14), are testcrossed (a_^( Bt/a^bt, En and 
a^m( r-pa-pu) g-^/a^bt. En x a^bt/a^bt). The expression of 
mutability in these testcrosses is measured by the per­
centages of mutable Bt kernels in the progenies and will 
be utilized as a comparison with the expressions of muta­
bility in the following (b) and (c) crosses. 
(b) Colorless (a^™(^)Bt/a_bt) and pale Bt ( r-pa-pu) 
a^bt) kernels, sibs of the mutable Bt kernels tested in 
(a) crosses* are crossed to unrelated a^bt/a^bt. En plants 
(a^™(^)Bt/a_bt and a.™(r-pa-pujgt/a.bt x a.bt/a.bt. En). 
If a modified ^  and not the and 
alleles is responsible for the altered mutability ex­
pressions, these crosses will result in the following 
ratios of nonmutable Bt : mutable Bt progeny kernels ; 
53«5*^6.5 for one ^  in the pollen parent and 30.25*69.75 
Table 14. Analysis of altered En activity, fa) Testcrosses of plants 
from mutable Bt kernels from Bt/a^bt, En, a^^ ^  Bt/a^Bt, 
En and a^™ ^ ^ Bt/a^bt, En testcross ears. (b) Crosses of 
plants from colorless and pale Bt kernels, sibs of the plants 
tested in (a) from ^ Bt/a^Bt, En and a ™ ^ Bt/a„bt, 
En ears, respectively, to a^bt/a^bt and a^bt/a^bt. En pollen 
parents to test response to En. (c) Crosses of plants from 
colorless bt kernels, sibs of the plants tested in (a) and (b), 
from j^°^^^^t/a^bt, En and a^™^^ ^^^Bt/a^bt, En ears to 
a^m(r)Bt/a^^ rjg^ plants to test En content 
Number of Bt kernels 
Type 
Female of Muta- Color- Col-
No. plant no. cross GPE^ Source GFP ble Pale less ored Total 
1  2  3 4 5  6 7 8 9  1 0  1 1  
1 0 2303-1 a 1 Table 5 4 91 0 174 0 265 
2 -2 Col. 5 8 0 98 0 106 
3 -3 No. 14 18 0 266 0 284 
4 -4 2 0 134 0 136 
5 -10 2 0 52 0 54 
6 0 2304-1 b Col. 6 6 0 0 179 0 179 
7 -2 No. 14 5 228 0 85 0 313 
8 -3 6 0 0 154 0 154 
9 -20 5 136 0 68 0 204 
^GPE = genotype of parent ear; 1 = a_™Bt/a^Bt, En; 2 = a_™^^^Bt/ 
c 2 2 S = sum; P = pooled; H = heterogeneity (X g - S p). 
^The determination of En content of the pollen parents has been de­
scribed in Table 13. The results are shown in Table 18, Appendix. 
^ns = nonsignificant in difference. 
**Significantly different at .01 level. 
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Mutable of bt kernels 
Bt/ : ZZ 
Total Muta- Color-
Bt % ble Pale less 
12 13 14 15 
2 
X for a nonmutable Bt: 
mutable segregation of: 
53.5: 30.25: 
46.5^ 69.75 1:1 1:3 
16 17 18 19 
Pollen 
parent 
utilized 
20 
No. of 
En in 
pollen^ 
parent 
21 
34.3 2 0 234 15.266** 
7.5 1 0 118 63.094** 
6.3 1 0 282 182.526** 
1.4 0 0 133 109.044** 
3.7 0 0 57 38.054** 
S = 407.984 
P = 350.458** 
H = 57.526** 
0 0 0 162 0 2554-3 2 
72.8 12 0 259 1.278ns® 2554-3 2 
0 0 0 139 2552-12 1 
66.6 9 0 202 0.778ns 2553-10 2 
Table 14. (Continued) 
Number of Bt kernels 
Type 
Female of Muta- Color- Col-
No. plant no. cross GPE Source GF? ble Pale less ored Total 
1  2  3 4 5  6 7 8  9  1 0  1 1  
10 0 2310-1 a 2 Table 5 4 78 0 94 0 172 
11 -2 Col. 5 92 0 106 0 198 
12 -3 No. 31 40 0 192 0 232 
13 -4 60 0 86 0 146 
14 -5 35 0 68 0 103 
15 0 2311-3 a Col. 11 7 0 0 211 0 211 
16 -5 No. 31 8 24 0 26 0 50 
17 -8 8 114 0 117 0 231 
18 -10 7 0 0 218 0 218 
19 -13 7 0 0 142 0 142 
20 0 2312-2 b 1 Table 5 5 92 0 104 0 196 
21 -3 Col. 6 5 194 0 88 0 282 
22 -4 No. 34 6 0 0 141 0 141 
23 5 6 0 0 161 0 161 
24 -6 6 0 0 172 0 172 
25 0 2313-1 c Col. 5 4 126 0 140 0 266 
26 -2 No. 34 35 0 37 0 72 
27 -3 123 0 147 2 272 
28 -4 71 0 87 0 158 
29 -5 0 0 172 0 172 
30 -6 85 0 94 0 179 
31 -7 0 0 127 0 127 
32 -8 120 0 136 0 256 
33 -9 31 0 73 4 108 
^Significantly different at .05 level. 
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2 
, . X for a nonimitable Bt: „ -
® No. of ^  kernels mutable Bt segregation of; Pollen En*in 
Total Muta- Color- 53.5: 30.25: parent pollen 
Bt % ble Pale less 46.5 69.75 1:1 1:3 utilized parent 
12 13 14 15 16 17 18 19 20 21 
45.3 3 0 129 0.051ns 
46.4 2 0 190 0 ns 
17.2 1 0 223 78.592** 
41.0 9 0 146 1.503ns 
33.9 3 0 86 6.092* 
S = 86.238** 
P = 38.443** 
H = 47.795** 
0 0 0 0 
48.0 0 0 0 0.020ns 
49.3 0 0 0 0.017ns 
0 0 0 0 
0 0 0 0 
46.9 5 0 190 0.002ns 0 2555-3 1 
68.7 6 0 263 0.080ns 2553-9 2 
0 0 0 161 2555-8 1 
0 0 0 139 2554-10 2 
0 0 0 148 2555-6 1 
47.3 8 0 226 0.080ns 
48.6 2 0 68 0.058ns 
45.2 6 0 224 0.131ns 
44.9 1 0 131 0.098ns 
0 0 0 156 
47.4 5 0 148 0.035ns 
0 0 0 146 
46.8 2 0 213 0.003ns 
28.7 5 0 95 13.043** 
S = 13.448ns 
P = 1.006ns 
H = 12.442ns 
Table 14. (Continued) 
Number of kernels 
Type ; 
Female of Muta- Color- Col-
No. plant no. cross GPE Source GFP ble Pale less ored Total 
1  2  3 4 5  6 7 8 9  1 0  1 1  
34 0 2349-1 a 1 Table 5 4 201 0 50 3 254 
35 -2 Col. 5 164 0 33 0 197 
36 -3 No. 87 233 0 24 0 257 
37 -4 119 0 18 0 137 
38 -5 138 0 32 0 170 
39 0 2350-1 b Col. 6 6 0 0 169 0 169 
40 -4 No. 87 5 95 0 50 0 145 
41 -7 5 104 0 8 0 112 
42 0 2354-1 a 2 Table 6a 4 0 0 176 0 176 
43 -2 Col. 5 57 0 72 0 129 
44 -3 No. 92 76 0 92 1 169 
45 -4 58 0 70 0 128 
46 -5 76 0 35 0 111 
47 —6 0 0 188 0 193 
48 -7 0 0 9 138 147 
49 -8 0 0 92 0 92 
50 -9 69 0 81 0 150 
51 0 2355-1 115 0 80 1 196 
52 -2 176 0 53 0 229 
53 -3 5 0 159 0 164 
54 -4 87 0 94 0 181 
55 -6 186 9 52 2 24v 
56 0 2356-1 c Col. 11 7 0 0 269 0 269 
57 -2 No. 92 7 0 0 311 0 311 
58 —3 • 7 0 0 246 0 246 
59 5 8 129 0 134 0 263 
60 -6 8 147 0 150 0 297 
61 -7 7 0 0 108 0 108 
62 —8 7 0 0 217 0 217 
63 -9 8 31 0 40 0 71 
64 -10 7 0 0 179 0 179 
212 
2 
, _ X for a nonmutable 
® No. of ^  kernels mutable Bt segregation of: Pollen En*in 
Total Muta- Color- 53.5: 30.25: parent pollen 
Bt % ble Pale less 46.5 69.75^ 1:1 1:3 utilized parent 
12 13 14 15 16 17 18 19 20 21 
79.1 5 0 237 10.160** 
83.2 10 0 186 16.379** 
90.6 6 0 237 52.277** 
86.8 6 0 128 18.209** 
81.1 11 0 168 9.985** 
S = 107.0 
P = 100.267** 
H = 6.743ns 
0 0 0 148 
65.5 6 0 146 1.038ns 
92.8 5 0 106 27.258** 
0 0 0 161 
44.1 1 0 130 0.192ns 
44.9 3 0 188 0.103ns 
45.3 1 0 123 0.032ns 
68.4 1 0 112 0.036ns 
0 0 0 193 
0 0 0 160 
0 0 0 90 
46.0 0 0 145 0.001ns 
58.6 2 0 188 11.191** 10.878** 
76.8 6 0 196 5.148** 
3.0 0 0 182 122.722** 
48.0 0 0 163 0.121ns 
77.5 7 0 212 6.469* 
0 0 0 0 
0 0 0 0 
0 0 0 0 
49.0 0 0 0 0.060ns 
49.4 0 0 0 0.013n8 
0 0 0 0 
0 0 0 0 
43.6 0 0 0 0.901n8 
0 0 0 0 
2552-2 1 
2552-3 2 
2554-6 2 
Table 14. (Continued) 
Number of Bt kernels 
Type 
Female of îfiita- Color- Col-
No. plant no. cross GPE Source GFP ble Pale less ored Total 
1 2 34 5 67 8 9 10 11 
65 0 2357-1 c 2 Col. 11 8 170 0 168 0 338 
66 -2 No. 92 7 0 0 312 0 312 
67 -3 7 0 0 191 0 191 
68 -4 7 0 0 288 0 288 
69 -5 7 0 0 121 0 121 
70 •6 7 0 0 101 0 101 
71 -7 8 190 0 180 0 370 
72 -8 8 163 0 156 0 319 
73 -9 8 358 0 244 0 602 
74 0 4948-1 a 3 Table 6a 9 64 90 9 0 163 
75 -2 Col. 5 67 51 9 0 127 
76 -3 No. 219 19 23 4 0 46 
77 -4 14 10 2 0 26 
78 -5 120 102 23 0 245 
79 —6 88 120 24 1 233 
80 0 4949-1 c 3 Col. 13 7 0 0 340 0 340 
81 -2 No. 219 8 103 0 92 0 195 
82 -3 7 0 0 128 0 128 
83 -4 8 59 0 55 0 114 
84 -5 8 93 0 105 0 198 
85 -6 7 0 0 286 0 286 
86 -7 7 0 0 97 0 97 
87 -8 8 29 0 27 0 56 
88 0 4950-1 c 3 7 0 0 313 0 313 
89 -2 7 0 0 122 0 122 
90 -3 8 48 0 59 0 107 
91 -4 8 45 0 49 0 94 
92 -5 7 0 0 57 0 57 
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thitable 
Bt/ 
Total 
Bt % 
12 
No. of bt kernels 
Muta­
ble Pale 
13 14 
Color­
less 
15 
X for a non-mutable Bt: 
mutable Bt segregation of: 
53.5: 
46.5 
16 
30.25: 
69.75 
17 
1:1 
18 
1:3 
19 
No. of 
Pollen En in 
parent pollen 
utilized parent 
20 21 
50.2 0 0 0 0.003ns 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
51.3 0 0 0 0.218ns 
51.0 0 0 0 0.112ns 
59.4 0 0 0 21.210** 
39.2 4 5 145 3.146ns 
52.7 0 6 111 1.754ns 
41.3 1 1 38 0.312ns 
53.8 1 0 18 0.307ns 
48.9 12 13 192 0.509ns 
37.7 9 14 169 6.794** 
S = 12.822 
P = 1.567ns 
H = 11.255* 
0 0 0 0 0.512ns 
52.8 0 0 0 
0 0 0 0 0.078n8 
51.7 0 0 0 0.611ns 
46.9 0 0 0 
0 0 0 0 
0 0 0 0 
51.7 0 0 0 0.017ns 
0 0 0 0 
0 0 0 0 
44.8 0 0 0 0,934n8 
47.8 0 0 0 0.095ns 
0 0 0 0 
Table 14. (Continued) 
Nimber of Bt kernels 
Type 
Female of Muta- Color- Col-
No. plant no. cross GPE Source GFP ble Pale less ored Total 
1  2  3 4 5  6 7 8 9  1 0  1 1  
93 0 5414-1 a 3 Table 6a 9 42 98 5 0 145 
94 -2 Col. 5 15 29 6 1 51 
95 -3 No. 502 48 81 8 0 137 
96 -4 0 40 6 0 46 
97 -5 2 138 18 0 158 
98 -6 14 69 12 0 95 
99 0 5415-1 c Col. 13 7 0 0 72 0 72 
100 -2 No. 502 7 0 0 113 0 113 
101 -3 8 2 0 22 0 24 
102 -4 8 10 0 64 0 74 
103 5 8 24 0 186 0 210 
104 0 5416-1 b Col. 6 10 23 155 7 0 185 
105 -2 No. 502 52 204 21 0 277 
106 -3 0 153 10 0 163 
107 -5 27 149 10 0 186 
108 -6 29 35 4 0 68 
109 -7 86 76 15 0 177 
110 -8 0 128 18 0 146 
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2 
M «- Kl X for a nommitable Bt: „ , 
No. of ^  kernels mutable Bt segregation 
Total Ifiita- Color- 53.5: 30.25: parent pollen 
Bt % ble Pale less 46.5 69.75 1:1 1:3 utilized parent 
12 13 14 15 16 17 18 19 20 21 
28.9 1 1 122 17.222** 
29.4 3 3 35 5.319* 
35.0 2 4 120 6.783** 
G 0 2 42 
1.2 0 9 133 128.140** 
14.7 2 5 99 37.260** 
S = 194.724 
P = 156.383** 
H = 38.341** 
G 0 0 0 
G 0 G 0 
8.3 0 G 0 15.041** 
13.5 0 G 0 37.959** 
11.4 0 G 0 123.433** 
12.4 1 7 196 84.943** 0 5415-6 
18.7 S IG 232 84.492** 5415-9 
G 0 4 162 5415-8 
14.5 0 5 144 75.203** 5415-7 
42.6 3 2 68 0.265ns 5243-2 1 
48.5 8 5 163 0.231ns 5252-1 1 
0 0 IG 136 5252-0 0 
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for two Independent (Figure 6c, sections A and B, 
column 4), The ^'s in the a_bt/a_bt. En parent are 
tested Independently with an unrelated allele to 
confirm their normal mutability expression (Table 18, 
Appendix). These a3^^^Bt/a^bt and a^(r-pa-pu)g^/a^bt x 
a^bt/a^bt. En crosses will be compared to testcrosses of 
sib mutable Bt kernels (a.^^^^Bt/a^bt, En and 
a m(r-pa-pu)g^/a bt, En). (a) crosses. The same 
and ^ni(r-pa-pu) alleles are present in both (a) and (b) 
crosses, but the En's are unrelated. If altered expres­
sions of mutability result in (a) crosses but do not appear 
when sib kernels are tested in (b) crosses, the 
and ^®(r-pa-pu) alleles are not responsible for the 
altered expression of mutability. 
Colorless ^ kernels (a^bt/a^bt), sibs of the Bt kernel 
types tested in (a) and (b) crosses, are selected from 
a^°^^ ^ ^ Bt/a^bt, En and a^™^ r-pa-pu) gt/a^bt, En x a^bt/a^bt 
testcrosses and crossed to unrelated Bt 
parents. If En. independent of the a^ locus, is responsi­
ble for the altered expression of mutability in the parent 
testcross ears, one-half of the a^bt/a^bt progeny should 
contain the altered ^ when crossed to ^ ^^ Bt/a.™^ ^ ^ Bt. 
These a^bt/a^bt. En x a_™^^^Bt/^Bt crosses will be 
compared to testcrosses of sib mutable Bt kernels 
(a^m(r)Bt/a^bt, En and r-pa-pu)^^/^^^^. En), (a) 
crosses. The same En is present in both (a) and (c) 
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crosses "but the responsive alleles are unrelated. If an 
altered expression of mutability results in both (a) and 
(c) crosses, ^ is responsible. The results of (a), (b) 
and (c) crosses are shown in Table 14. 
Results (a) 
Testcross of a*™^^^Bt/a^bt. En and a^*(r-pa-pu)a^bt, En 
plants (1-5, 10-14, 25-38, 42-55. 74-79 and 93-98, Table 14) 
demonstrate the level of expression of mutability, measured 
by the percentage of mutable Bt progeny. Prom six of the seven 
parent testcross ears (columns 4 and 5» Table 14), at least one 
mutable Bt kernel tested (1-5, 12, 14, 29, 31, 33, 42, 47-49, 
79 and 93-98, Table 14) exhibits an altered pattern of muta­
bility. This is indicated by the nonmutable Bt*mutable Bt 
kernel ratios in the progenies of these crosses which signifi­
cantly deviate from the expected 53«5«^6,5 ratio for one inde­
pendent ^ (Figure 6c, section A, column 4) because of a de­
ficiency of mutable Bt kernels. In (a) crosses which result 
in no mutable progeny (29, 31, 42, 47, 48, 49 and 96, Table 
14), it is not possible to determine whether the lack of muta­
ble kernels result from a severe alteration in the expression 
of mutability although ^ is still present, loss of En, or a 
germinal mutation of the responsive allele to a nonresponsive 
allele» All crosses (34-38, Table 14) Involving one parent 
testcross ear (a^°^^^^Bt/aoBt, En) have nonmutable Bt:mutable 
Bt kernel ratios that significantly deviate from the expected 
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30.25169*75 ratio if two independent Bi'a are present 
(Figure 6o, section B, column 4) because of an excess of 
muta'U.e Bt progeny. Such nonmutable Btimutable Bt ratios may 
zresult from the presence of more than two s or linkage be­
tween En and 
— —2 
tests of heterogeneity (Table 14) are applied to 
detect significant differences in the nonmutable Bt*mutable 
Bt testcross progeny ratios among plants (1-5» 10-14, 25-28, 
30, 32, 33» 74-79. 93-95 and 97-98, Table 14) from the same 
parent testcross ear (columns 4 and 5» Table 14). (X tests 
of heterogeneity are applied only to progeny of parent test-
cross ears in which one to Is segregating because tests of 
heterogeneity cannot be made among progeny which differ in 
numbers of ^ crosses 29, 31, and 96, Table 14, which had no 
mutable progeny, are not included in the heterogeneity tests.) 
The tests for heterogeneity indicate that significant differ­
ences in nonmutable Bt*mutable Bt progeny kernel ratios occur 
among the plants tested from four out of the five parent test-
cross ears segregating one No significant differences are 
found in nonmutable Bt*mutable Bt progeny ratios among the 
plauats (25-33* Table 14) from one parent a.^^^^Bt/a^bt, En 
testcross ear. 
Results (b) 
Colorless and pale Bt kernels, sibs of the mutable Bt 
kernels tested in (a) cross, are tested for response to ^ 
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utilizing an unrelated a^bt/a^bt. En parent as the source of 
En (a^^^^^Bt/a^bt and a^a(r-pa-pu)gt/a_bt x a^bt/a^bt. En). 
These crosses (7# 9. 20, 21, 40, 21, 108 and 109, Table 14) 
Indicate that the and alleles present in 
the colorless and pale Bt kernels respond to ^ by expressing 
normal patterns of mutability. In all crosses (7, 9» 20, 21, 
40, 41, 108 and 109, Table 14), the nonmutable Bt:mutable Bt 
progeny kernel ratios do not significantly deviate from the 
expected 53*5 nonmutable Bt:46.5 mutable Bt and 30.25 non-
mutable Bt:69.75 mutable Bt ratios expected if one or two in­
dependent ^*s are present in the a_bt/a.bt, En parent (Figure 
6c, sections A and B, column 4). Furthermore, the patterns 
expressed the mutable ^ kernels resulting from these 
in ( 
crosses are similar to the standard expressions of the a^ 
and alleles with ^ (Figures 4 and 5)* 
The (b) crosses, a_^(r-pa-pu)gt/a^bt x a.bt/a^bt. En (108 
and 109, Table 14), and (a) crosses, a^^(r-pa-pu)gt/a^bt. En x 
a^bt/a^bt (93-98, Table 14), are particularly revealing in 
demonstrating that gi is responsible for the altered mutability 
expression. The pale Bt kernels (a^™^)Bt/a^bt) in (b) 
crosses are sibs of the mutable Bt kernels ( a^™^ r-pa-pu)gt/ 
a^bt. En) in (a) crosses; therefore, the r-pa-pu) alleles 
are identical, but unrelated En's are present in (a) and (b) 
crosses. The a^ni(r-pa-pu)B^ag^, ^ x a^bt/a^bt crosses 
(93-98, Table 14) demonstrate an altered expression of muta­
bility indicated by the nonmutable Bt:mutable Bt progeny ratios 
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and the altered pattern of mutability of the resulting mutable 
Bt kernels. However, (b) crosses demonstrate a normal or 
standard expression of mutability indicated by the nonmutable 
Bt;mutable Bt progeny ratios and the normal pattern of muta­
bility of the progeny mutable Bt kernels. The altered muta­
bility expression present in (a) crosses and the contrasting 
normal expression present in (b) crosses resulting from the 
same allele in both crosses indicates that the 
—2 
^^m(r-pa-pu) allele is not responsible for the altered muta­
bility expression. Since ^  was unrelated in both crosses, the 
contrasting mutability expressions resulting from the (a) and 
(b) crosses strongly suggests that ^  is responsible for the 
altered mutability expression. 
Results (c) 
Colorless ^  kernels, sibs of the colorless, pale, and 
mutable Bt kernels tested in (a) and (b) crosses, are tested 
for ^  expression by crossing to an unrelated tester 
(a^bt/apbt. En x a^^^^^Bt/a^™^^^Bt). If ^  is responsible 
for the altered expression of mutability, similar expressions 
of mutability are expected between mutable Bt kernels tested 
in (a) crosses, Bt/a^bt, Bn and a_^(r-pa-pu)a^bt. En 
X a^bt/a^bt. and sib colorless ^  kernels with ^  tested in 
(c) crosses, a^bt/a^bt. En x Bt/a^^^^^Bt. The En present 
in both (a) and (c) crosses is derived from the same parent, 
while the responsive alleles in both crosses are unrelated. 
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Some (c) crosses result in a normal expression of mutability 
as indicated nonmutable:mutable kernel ratios of the progeny 
which do not significantly deviate from the expected one:one 
ratio if one ^ is present (16, 17, 59» 60, 63» 81, 83, 84- and 
87, Table 14). Similarly, most (a) crosses of sib mutable Bt 
kernels also express a normal expression of mutability (10, 
11, 13, 43, #, 46, 50, 52, 54, 55 and 74-78, Table 14), al­
though some (a) crosses (14, 53 and 79» Table 14) do show an 
altered mutability expression as indicated by the nonmutable 
Bt*mutable Bt ratios. In (c) crosses that do express an 
altered mutability pattern (IOI-IO3, Table 14), an altered 
mutability pattern is also expressed in (a) crosses of sib 
mutable Bt kernels (93-95, 97 and 98, Table 14), 
Additional crosses to (a), (b) and (c) crosses have been 
particularly revealing in demonstrating that En is responsible 
for the altered mutability patterns. Prom an a_™(r-pa-pu)^^/ 
a^bt. En x a^bt/a^bt testcross ear, mutable Bt kernels were 
tested for the presence of the altered mutability expression 
((a) cross, 93-98, Table 14)• In addition, sib pale Bt kernels 
(a^^'^Bt/a^bt) were tested for response to Bn ((b) cross, 
108 and 109, Table 14). (a) crosses of mutable Bt kernels (93, 
95, 97 and 98, Table 14) indicate an altered mutability expres­
sion as did the ^ present in sib a2bt/a^bt kernels (IOI-IO3, 
Table 14) when present with an unrelated tester. In 
the (b) crosses, it is demonstrated that the sib pale Bt 
kernels (108 and I09, Table 14) respond to an unrelated ^ 
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expressing: a normal pattern of mutability. If ^ Is respon­
sible for altered mutability, the ^ present In a^bt/a^bt 
kernels from Bt/a^bt, En x a^bt/a^bt crosses 
should induce an altered mutability expression when crossed 
to sib pale Bt kernels (a^^^^^^P^'P^^Bt/a^bt), This altered 
mutability expression should also be present in testcrosses 
of sib mutable Bt kernels (Bt/a^bt« En). This 
expectation is realized in crosses of colorless ^ kernels 
containing (a^bt/a^bt. En) to sib pale Bt kernels 
(a m(r-pa-pu)Bt/a^bt) that result in altered mutability pat­
terns (104, 105 and 10?, Table 14) as indicated by nonmutable 
Bt*mutable Bt kernel ratios that significantly deviate from 
the expected 53*5*46.$ ratio (Figure 6c, section A, column 4). 
Testcrosses (93-95» 97 and 98, Table 14) of mutable Bt kernels 
(a^™^r-pa-py^Bt/a^bt, En), slbs of the pale Bt (a*^^f-Pa-Pw)Bt/ 
apbt) and a^bt/a^bt kernels (104, IO5 and 107, Table 14), also 
express altered mutability. Furthermore, the mutable Bt 
kernels from these testcrosses (93-95» 97 and 98, Table 14) 
express the same altered patterns as the mutable Bt progeny 
of the r-pa-pu) st/a^'bt x a^bt/a^bt. En crosses (104, IO5 
and 107» Table 14), 
The results obtained from the crosses shown in Table 14 
are consistent with the hypothesis that the altered mutability 
expressions of the r-pa-pu) alleles result from 
a change in the ^ element and not an alteration of the 
^^m(r-pa-pu) alleles. It is unlikely that a 
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dominant modifier reduced the expression of the 
and alleles In the presence of This is verified 
by crosses of pale (a_™(r-pa-pu)gt/a^bt) and colorless Bt 
kernels (a^^^^^Bt/a^bt) to unrelated a^bt/a^bt. En plants (7, 
9, 108 and 109, Table 14). In the progenies of these crosses, 
a normal expression of the and r-pa-pu) alleles is 
observed. Testcrosses of mutable Bt kernels Bt/a^bt, 
Bn and a^^^ Bt/a^bt, En x a^bt/a^bt), sibs of the color­
less and pale Bt kernels tested for response to ^ (7, 9, 108 
and 109, Table 14) exhibit an altered mutability expression 
(1-5» 93-95» 97 and 98, Table 14). A dominant modifier affect­
ing mutability in crosses (1-5» 93-95» 97 and 98, Table 14) 
would be expected to segregate among the sib colorless and pale 
Bt kernels (7, 9» 108 and 109» Table 14) and this was not ob­
served. In addition to these crosses (7B 9» 108 and 109» 
Table 14), numerous similar crosses, not shown in Table 14, 
have failed to reveal the presence of a dominant modifier. On 
the other hand, a recessive modifier is also unlikely, since 
this would necessitate the testcross pollen parents in crosses 
expressing altered mutability to also contain this modifier. 
These same testers have been used in other crosses for several 
generations with no effect on the mutability of ^ ni(r-pa-pu) 
in( I*) 
and a^ in the presence of Bn. 
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Stability of En^ 
The stability of the altered designated En^ (En 
variable). Is monitored by progeny tests, A progeny test con­
sists of selecting mutable ^  kernels from Bt/a^bt, Bn^ 
and a m(r-pa-pu}bt, En^ x a^bt/a^bt testcrosses (sources 
in Table 1^, column 5) and again testcrosslng these types in 
the next generation. The level of mutability expression is 
measured by the percentage of mutable Bt progeny present in 
each of the testcrosses. Mutable Bt kernels are selected from 
these testcross progenies and the procedure repeated. The 
first generation of progeny testing is shown in Table 14, (a) 
crosses, the second generation in Table 15 (female, main stalk 
crosses) and the third in Table 16. The percentage of mutable 
Bt kernels from the testcrosses of the three tables (14, 15 and 
16) has been consolidated in Table 1? to Illustrate the array 
of values obtained beginning with the_lnltlal expression of 
Sn^ and proceeding through the subsequent testcrosses. 
The testcrosses shown in Tables 14, 15# 16 and 1? indicate 
that the altered expression of En^ (measured by a low percent­
age of mutable Bt kernels in the progenies) appears to remain 
partially stable through three and four generations. Con­
versely, En^'s which initially displayed a near-normal expres­
sion continue to express this condition in the following genera­
tions. However, 13 of 22 tests for heterogeneity (Tables 
14, 15 and 16) indicate significant differences in the non-
mutable BtImutable Bt kernel ratios among the progenies of 
Table 15. Analysis of altered En activity. Reciprocal testcrosses and 
tiller crosses of (a) ^ and (b) =(r-pa-pu)g^ 
a^bt, Eo^ plants from mutable kernels from ^2™ —^—2—' — 
and ^ ^^^Bt/a^bt, En^ testcross ears (Table 14, column 7) 
Used Number of Bt kernels 
No. 
1 
Plant no. 
2 
Source 
3 
Geno­
type 
4 
in 
cross 
ast 
5 
Muta­
ble 
6 
Pale 
7 
Color­
less 
8 
Col­
ored 
9 
Total 
10 
1 1 2301-1 No. 1 a ME 51 0 106 0 157 
2 2301-2 a ME 28 0 177 0 205 
3 a MT 7 0 41 0 48 
4 a TE 65 0 66 0 131 
5 2301-3 a ME 62 0 92 0 154 
6 a MT 19 0 50 0 69 
7 a TE 70 0 61 1 132 
8 2301-4 a ME 73 0 86 0 159 
9 a TE 85 0 72 0 157 
10 2301-5 a ME 54 0 91 0 145 
11 a MT 52 0 113 0 165 
12 a TE 68 0 66 0 134 
13 1 2303-1 No. 3 a ME 0 0 22 0 22 
14 a MT 1 0 96 0 97 
15 2303-2 a ME 4 0 244 0 248 
16 a MT 7 0 86 0 93 
17 a TE 83 0 92 0 175 
= sum; P = pooled; H = heterogeneity (X^g - X^p). 
^ME = main stalk ear; MT = main stalk tassel; TE " tiller ear. 
^ns = nonsignificant in difference. 
**Significantly different at .01 level. 
*Significantly different at .05 level. 
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Mutable 
Bt/ 
Total 
Bt % 
11 
for a nonmutable 
Bt imitable Bt 
segregation of: 
53.5: 30.25: 
46.5 69.75 
12 13 
X tests for 
heterogeneity among:' 
—T No. of bt kernels 
Muta- Color-
ble Pale less 
14 15 16 
Female (ME), 
male, and 
tiller 
crosses 
involving 
same plant 
17 
Female (ME) 
crosses of 
plants from 
Bt progeny 
of the same 
parent ear 
18 
32.4 11.840** 1 0 189 
13.6 87.562** 0 0 182 3=118.188 
14.5 18.392** 2 0 48 P= 63.785** 
49.6 0.394ns^ 1 0 122 H= 54.403** 
40.2 2.166ns 3 0 150 S= 13.399 
27.5 9.226** 1 0 79 P= 2.086ns 
53.0 2.007ns 2 0 133 H= 11.313** 
45.9 0.005ns 4 0 150 
S= 3.388 
54.1 3.383ns 2 0 137 
P= 1.418ns 
H= 1.970ns 
37.2 4.613* 2 0 114 S= 19.716 5=106.186 
31.5 14.296** 7 0 173 P= 9.247** P= 62.372** 
50.7 0.807ns 0 0 103 H= 10.469** H= 43.814** 
0 0 0 25 
1.0 78.794** 0 0 95 
1.6 199.057** 1 0 259 5=254.311 
7.5 55.225** 1 0 107 P=164.782** 
47.4 0.029ns 3 0 155 H= 89.529** 
Table 15. (Continued) 
Used Number of Bt kernels 
in 
Geno­ cross Muta­ Color­ Col­
No. Plant no. Source type as ble Pale less ored Tota: 
1 2 3 4 5 6 7 8 9 10 
18 1 2303-3 No. 3 a HE 89 0 116 0 205 
19 a MT 40 0 128 0 168 
20 . 2303-4 a ME 10 0 196 0 206 
21 a MT 1 0 112 0 113 
22 a TE 9 0 132 0 141 
23 2303-5 a ME 22 0 147 0 169 
24 a MT 6 0 53 1 60 
25 a TE 60 0 72 0 132 
26 2303-6 a ME 43 0 144 0 187 
27 a TE 90 0 84 0 174 
28 1 2308-3 No. 12 a ME 0 0 271 0 271 
29 a MT 31 0 61 0 92 
30 2308-4 a ME 1 0 71 0 72 
31 a MT 8 0 32 0 40 
32 2308-6 a ME 6 0 164 0 170 
33 a MT 52 0 58 0 110 
34 2308-7 a ME 4 0 165 0 169 
35 a MT 41 0 41 1 83 
36 2308-8 a ME 2 0 175 0 177 
37 a MT 14 0 32 0 46 
38 2308-10 a ME 2 0 243 0 245 
39 a MT 38 0 50 0 88 
40 1 2309-1 No. 25 a ME 150 0 138 1 289 
41 a TE 59 0 110 4 173 
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Mutable 
Bt/ 
Total 
Bt 7o 
11 
53.5: 
46.5 
12 
30.25: 
69.75 
13 
X tests for 
heterogeneity among: 
for a nonmutable 
Bt:mutable Bt 
segregation of: No. of ^  kernels 
Muta- Color-
ble Pale less 
14 15 16 
Female (ME), 
male, and 
tiller 
crosses 
involving 
same plant 
17 
Female (ME) 
crosses of 
plants from 
Bt progeny 
of the same 
parent ear 
18 
43.4 0.665ns 1 0 209 
23.8 33.862** 6 0 163 
4.8 142.612** 0 0 174 
0.8 93.051** 0 0 112 
6.3 89.610** 0 0 125 
13.0 74.816** 3 0 160 
10.0 30.680** 0 0 81 
45.4 0.023ns 
22.9 40.591** 1 0 186 
51.7 1.704ns 1 0 175 
0 0 0 299 
33.6 5.559* 1 0 117 
1.3 57.097** 0 0 92 
20.0 10.251** 1 0 54 
3.5 124.456** 0 0 144 
47.2 0.004ns 3 0 140 
2.3 130.547** 0 0 170 
49.3 0,175ns 1 0 72 
1.1 144.637** 0 0 171 
30.4 4.148* 0 0 45 
0.8 203.699** 0 0 235 
43.1 0.267ns 3 0 117 
51.9 3.177ns 4 0 263 
34.1 10.193** 2 0 185 
S= 34.527 
P= 20.811** 
H= 13.716** 
8=325.273 
P=326.849** 
H= 0 ns 
8=105.519 
P= 70.136** 
H= 35.383** 
3=42.295 
P= 13.149** 
H= 29.146** 
S= 67.348 
P= 65.069** 
H= 2.279ns 
3=124.460 
P= 73.802** 
H= 50.658** 
3=130.722 
P= 81.957** 
H=48.765** 
3=148.785 
P=137.047** 
H= 11.738** 
3=203.966 
P=157.826** 
H= 46.140** 
3= 13.370 
P= 0.246ns 
H= 13.124** 
3=457.741 
P=364.731** 
H= 93.010** 
3=660.436 
P=667.224** 
H= 0 ns 
Table 15. (Continued) 
Used Number of kernels 
in 
Geno- cross Muta- Color- Col-
No, Plant no. Source type as ble Pale less ored Total 
1  2  3  4 5 6 7 8 9  1 0  
42 1 2309-2 No. 25 a ME 28 0 46 0 74 
43 a MT 44 0 61 0 105 
44 2309-5 a ME 94 0 84 0 178 
45 a TE 35 0 43 1 79 
46 2309-6 a ME 121 0 131 1 253 
47 a MT 40 0 66 0 106 
48 a TE 36 0 45 1 82 
49 1 2311-1 No. 34 a ME 172 0 52 1 225 
50 a MT 65 0 40 0 105 
51 a TE 88 0 14 0 102 
52 2311-2 a ME 165 0 25 0 190 
53 a MT 92 0 32 2 126 
54 2311-3 a ME 105 0 25 1 131 
55 a MT 120 0 24 2 146 
56 a TE 110 0 26 1 137 
57 2311-4 a ME 124 0 43 1 168 
58 a MT 47 0 42 3 92 
59 a TE 94 0 39 1 134 
60 1 2313-1 No. 54 a ME 114 0 111 0 225 
61 a MT 37 0 66 0 103 
62 2313-2 a ME 25 0 30 0 55 
63 a MT 44 0 59 0 103 
64 2313-3 a ME 14 0 220 0 234 
65 2313-4 a ME 127 0 141 0 268 
66 a MT 31 0 46 0 77 
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Mutable 
Bt/ 
Total 
Bt % 
11 
for a nonmutable 
Bt:mutable Bt 
segregation of: 
53.5: 
46.5 
12 
30.25: 
69.75 
13 
X tests for 
heterogeneity among: 
—T No. of bt kernels 
Muta- Color-
ble Pale less 
14 15 16 
Female (ME), 
male, and 
tiller 
crosses 
involving 
same plant 
17 
Female (ME) 
crosses of 
plants from 
Bt progeny 
of the same 
parent ear 
18 
37.8 
41.9 
1.899ns 
0.716ns 
3 
3 
0 
0 
52 
90 
S= 
P= 
H= 
2.615 
2.587ns 
0.028ns 
52.8 
44.3 
2.599ns 
0.077ns 
4 
0 
0 
0 
157 
67 
S= 
P= 
H-
2.676 
1.265ns 
1.411ns 
47.8 0.129ns 7 0 217 S= 3.188 S= 7.804 
37.7 2.929hs 2 0 119 P= 0.521ns P= 2.745ns 
43.9 0.130ns 0 0 69 H= 2.667ns H= 5.059ns 
76.4 4.466* 12 0 205 S= 19.596 
61.9 2.702ns 7 0 131 P= 5.894* 
86.2 12.428** 10 0 116 H= 13.702** 
86.8 
73.0 
25.503** 
0.491ns 
11 
6 
0 
0 
212 
129 
S= 
P= 
H= 
25.994 
19.535** 
6.459* 
80.1 6.234* 5 0 146 S= 23.087 
82.1 10.129** 6 0 98 P= 23.945** 
80.2 6.724** 6 0 127 H= 0 ns 
73.8 1.126ns 6 0 162 S= 1.126 S= 37.329 
51.0 0.604ns 1 0 87 P= 0 . 968ns P= 30.230** 
70.1 0 ns 4 0 173 H= O.lSSns H» 7.099ns 
50.6 
35.9 
1.407ns 
4.217* 
5 
5 
0 
0 
209 
124 
S= 
P= 
H= 
5.624 
0.012ns 
5.612* 
45.4 
42.7 
0.001ns 
0.449ns 
0 
2 
0 
0 
50 
104 
S— 
P= 
H= 
0.450 
0.409ns 
0.049ns 
5.9 152.789** 1 0 267 
47.3 
40.2 
0.052ns 
0.967ns 
6 
1 
0 
0 
233 
70 
S= 
P= 
H= 
1.019 
0.043ns 
0.976ns 
3=154.249 
P= 35.522** 
H=118.727** 
Table 15. (Continued) 
Used Number of ^  kernels 
in 
Geno- cross Muta- Color- Col-
No. Plant no. Source type as ble Pale less ored Total 
1  2  3  4 5 6 7 8 9  1 0  
67 1 2314-1 No. 55 a ME 111 0 36 0 147 
68 a MT 93 0 20 0 113 
69 2314-2 a ME 133 0 78 1 212 
70 a MT 143 0 79 1 223 
71 2314-3 a ME 0 0 7 61 68 
72 a MT 0 0 8 41 49 
73 1 2320-1 No. 92 b ME 70 104 0 1 175 
74 2320-2 b ME 66 145 0 2 213 
75 b TE 40 55 0 2 97 
76 2320-4 b ME 50 99 0 0 149 
77 b MT 54 68 0 0 122 
78 b TE 56 116 0 2 174 
79 2320-6 b ME 26 35 0 0 61 
80 b MT 32 27 0 0 59 
81 1 2321-1 b ME 34 30 6 0 70 
82 b MT 31 31 4 0 66 
83 b TE 26 25 15 1 67 
84 2321-3 b ME 73 61 11 0 145 
85 b MT 76 76 0 0 151 
86 2321-4 b ME 77 120 0 0 197 
87 1 2322 No. 93 b TE 88 102 0 0 190 
88 2322-3 b ME 22 113 15 0 150 
89 b TE 20 83 0 0 103 
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Mutable 
Bt/ 
Total 
Bt % 
11 
for a nonmutable 
Bt:mutable Bt 
segregation of: 
53.5; 
46.5 
12 
30.25: 
69.75 
13 
X tests for 
heterogeneity among: 
—T No. of bt kernels 
Ifiita- Color-
ble Pale less 
14 15 16 
Female (ME), 
male, and 
tiller 
crosses 
involving 
same plant 
17 
Female (ME) 
crosses of 
plants from 
Bt progeny 
of the same 
parent ear 
18 
75.5 
82.3 
2 
7 
.046ns 
.852** 
7 
8 
0 
0 
119 
111 
S= 
P= 
H= 
62.7 
64.1 
21.815** 4 
3 
.616* 
.082ns 
1 
4 
0 
0 
195 
161 
s= 
p= 
H= 
0 3 0 64 
0 5 0 49 
40.0 2.716ns 3 10 155 
30.9 
41.2 
19.988** 
0.878ns 
9 
1 
3 
0 
190 
93 
S= 
P= 
H= 
33.5 9.519** 4 5 135 S= 
44.2 0.163ns 6 2 154 P= 
32.1 13.765** 5 3 166 H= 
42.6 
54.2 
0.219ns 
1.125 ns 
5 
3 
2 
1 
59 
72 
S= 
P= 
H= 
48.5 0.051ns 4 3 69 S= 
46.9 0 ns 5 0 74 P= 
38.8 1.300ns 12 7 87 H= 
50.3 
50.3 
0.713ns 
0.743ns 
6 
7 
4 
5 
115 
128 
S= 
P= 
H= 
39.0 124.059* 12 6 173 
46.3 0 ns 6 3 177 
14.6 
19.4 
59.828** 
29.288** 
2 
1 
6 
3 
146 
91 
S= 
P= 
9.898 
8.943** 
0.955ns 
7.698 
7.891** 
0 ns 
,601ns 
ns 
S= 
P= 
H= 
6.662 
0.459ns 
6.203* 
S= 32.452 
P= 28.900** 
H= 2.553ns 
S= 4.823 
P= 0.489ns 
H= 4.334ns 
ns 
Table 15. (Continued) 
Used Number of Bt kernels 
in 
Geno- cross îûita- Color- Col-
No. Plant no. Source type as ble Pale less ored Total 
1  2  3  4 5 6 7 8 9  1 0  
90 1 2322-4 No. 93 b ME 31 134 0 0 165 
91 b KT 16 84 0 0 100 
92 1 2323-1 b ME 0 199 26 0 225 
93 b MT 10 74 0 0 84 
94 2323-2 b ME 11 68 0 0 79 
95 2323-3 b ME 26 120 13 0 159 
96 b MT 29 97 0 0 126 
97 1 2324-4 b ME 2 89 6 0 97 
98 b MT 22 149 0 0 171 
99 2324-5 b TE 87 106 21 0 214 
100 1 2329-1 No. 98 b ME 33 147 0 1 181 
101 b MT 10 51 0 0 61 
102 b TE 46 72 0 0 118 
103 2329-2 b ME 2 217 0 0 219 
104 b MT 17 79 0 0 96 
105 b TE 56 63 0 0 119 
106 2329-5 b ME 2 225 0 0 227 
107 b TE 34 35 3 0 72 
108 1 2330-1 b ME 25 103 8 0 136 
109 b TE 110 115 14 0 239 
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X 
Mutable 
Bt/ 
Total 
Bt 7o 
11 
for a nonmitable 
Bt imitable Bt 
segregation of: 
53.5: 30.25: 
46.5 69.75 
12 13 
X tests for 
heterogeneity among: 
—T No. of bt kernels 
Ifiita- Color-
ble Pale less 
14 15 16 
Female (ME), 
male, and 
tiller 
crosses 
invol\'lng 
same plant 
17 
Female (ME) 
crosses of 
plants from 
Bt progeny 
of the same 
parent ear 
18 
18.7 49.827« 2 10 157 pîuolfol** 
H= 0 ns H= 0 ns 16.0 36.177** 1 3 91 
0 0 29 182 
11.9 39.032** 1 3 94 
13.9 32.402** 1 2 63 
16.3 56.884** 0 7 163 
23.0 26.996** 0 4 113 
2.0 75.221** 1 3 88 
12.8 76.414** 0 5 160 
40.6 2.709ns 6 7 142 
18.2 57.007** 2 2 138 
16.3 21.031** 3 5 53 
38.9 2.386ns 2 1 96 
0.9 181.114** 0 6 208 
17.7 30.841** 0 3 110 
47.0 0.001ns 0 6 120 
0.8 188.063** 0 19 239 
47.2 0.001ns 2 2 81 
18.3 42.097** 1 1 109 
46.0 0.006ns 8 3 194 
S= 83.880 
P= 83.678** 
H= 0.202ns 
5=151.635 S= 89.286 
P=150.348** P= 90.423* 
H= 1.287ns H= 0 ns 
S= 80.424 
P= 67.758** 
H= 12.666** 
5=211.956 
P=147.767** 
H= 64.189** 
5=188.064 3=426.184 
P=141.340** P=413.791** 
H= 46.724** H=. 12.393** 
S= 42.103 
P= 16.199** 
H= 25.904** 
Table 15. (Continued) 
Used Number of Bit kernels 
in 
Geno- cross Muta- Color- Col-
No. Plant no. Source type as ble Pale less ored Total 
1  2  3  4 5 6 7 8 9  1 0  
110 1 2330-3 No. 98 b ME 44 159 0 0 203 
111 b MT 11 129 0 0 140 
112 b IE 23 73 0 0 96 
113 2330-4 b ME 15 285 0 0 300 
114 b MT 13 53 0 0 66 
115 b TE 122 117 0 0 239 
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Mutable 
Bt/ 
Total 
Bt % 
11 
X for a nonmutable 
Bt imitable Bt 
segregation of: 
53.5: 30.25: 
46.5 69.75 
12 13 
Muta­
ble Pale 
14 15 
X tests for 
heterogeneity among: 
— No. of bt kernels 
Color­
less 
16 
Female (ME), 
male, and 
tiller 
crosses 
involving 
same plant 
17 
Female (ME) 
crosses of 
plants from 
Bt progeny 
of the same 
parent ear 
18 
21.6 49.295** 1 5 161 3=150.495 
7.8 82.488** 0 3 143 P=144.527** 
23.9 18.712** 0 3 76 H= 5.968ns 
5.0 206.022** 3 7 288 3=225.825 8=297.414 
19.6 17.997** 1 2 72 P=113..175** P=284.421** 
51.0 1.806ns 6 10 200 H=112.110* H= 12.993** 
Table 16. Analysis of altered En activity. Testcroasea of (a) 8^2'" ^ Bt/ 
â.2—* and (b) apbt, En^ plants from mutable 
Bt kernels selected from a^^^^^t/aobt, En^ and an°^^^"P^"P"^Bt/ 
^2—' En^ main stalk ears and the corresponding tiller ears 
(Nos. 8-11 have no corresponding crosses of plants from tiller 
ears) (Table 15, col. 6) 
Number of Bt kernels 
Geno Muta' Col­
No. Plant no. type Source^ ble Pale less ored To ta] 
1 2 3 4 5 6 7 8 9 
1 2g 37-1 b No. 115 (TE) 111 94 11 0 216 
2 -2 b 62 74 25 7 168 
3 -3 b 0 77 3 0 80 
4 -4 b 77 71 17 0 165 
5 2g 38-1 b No. 113 (ME) 12 100 10 0 122 
6 -2 b 7 127 14 0 148 
7 -3 b 2 92 2 0 96 
8 2g 40-1 a No. 23 (ME) 3 0 73 0 76 
9 -2 a 16 0 57 0 73 
10 -3 a 6 0 53 0 59 
11 -4 a 9 0 99 0 108 
12 2g 41-1 b No. 100 (ME) 22 124 17 0 163 
13 -2 b 40 97 18 0 155 
14 -3 b 14 92 12 0 118 
15 -4 b 5 81 7 0 93 
16 -5 b 8 62 8 0 78 
17 2g 42-1 b No. 102 (TE) 58 53 7 0 118 
18 -2 b 27 21 7 0 55 
19 -3 b 29 40 9 0 78 
20 -4 b 45 58 10 0 113 
21 -5 b 77 50 8 0 135 
^TE = Tiller ear; ME = main stalk ear. 
= sum; P = : pooled; H = heterogeneity 2 9 (X c - X- ) 
^ns = nonsignificant in difference. 
^Significantly different at .05 level. 
**Signifleantly different at .01 level. 
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„ N„. of ^  nemei. 
Mutable — 
Bt/Total sesresation of: Muta- Color- tests of , 
Bt % 53.5:46.5 30.25:69.75 ble Pale less heterogeneity 
10 11 12 13 14 15 16 
51.3 
36.9 
0 
46.6 
1.883ns^ 
5.837* 
0 ns 
2 
1 
0 
0 
5 
2 
2 
4 
152 
140 
67 
152 
S 
P 
H 
= 
7.720 
0.167ns 
7.553* 
9.8 
4.7 
2.0 
64.456** 
102.125** 
74.355** 
1 
1 
0 
5 
2 
6 
77 
137 
102 
S 
P 
H 
= 
240.936 
242.815** 
0 ns 
3.9 
21.9 
10.1 
8.3 
53.619** 
16.757** 
29.859** 
61.714** 
0 
0 
1 
2 
0 
0 
0 
0 
75 
75 
64 
100 
S 
P 
H 
= 
161.949 
160.822** 
1.127ns 
13.4 
25.8 
11.8 
5.3 
10.2 
70.045** 
25.855** 
55.517** 
61.578** 
39.742** 
0 
2 
0 
0 
0 
6 
4 
2 
8 
5 
154 
137 
99 
105 
78 
S 
P 
H = 
252.737 
246.045** 
6.692ns 
49.1 
49.0 
37.1 
39.8 
57.0 
0.235ns 
0.062ns 
2.361ns 
1.765ns 
5.608* 9.747** 
4 
3 
2 
2 
2 
4 
2 
2 
3 
3 
93 
60 
78 
103 
137 
. S 
P 
H 
4.423 
1.051ns 
3.372ns 
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Table 1?. Analysis of altered activity; progeny tests to 
illustrate the stability of En^ 
Mutable 
Bt/Total 
No, Plant no. Source Genotype Bt % 
_1 2 3 4 " 5 
1 9 25O8-8 Table 4, No. 1 7.0 
Mutable Bt kernels from 9 2508-8 are testcrossed 
2 0 2303-1 a ™(^)BVa^bt, En"^ 3^.3 
3 -2 -2 -^-2 7.5 
4 -3 6.3 
5 -4 1.4 
6 -10 3.7 
Mutable Bt kernels from 0 2303-1 are testcrossed 
7 1 2301-1 ^ 32,4 
8-2 ^ 13.6 
9 -3 40.2 
10 -4 45.9 
11 -5 37.2 
Mutable Bt kernels from 0 2303-3 are testcrossed 
12 1 2303-1 a_™(^)BVa^bt, En7 0 
13 -2 -2 -^-2 1.6 
14 -3 43.4 
15 -4 4.8 
16 -5 13.0 
17 -6 22.9 
Mutable Bt kernels from 1 2303-5 are testcrossed 
18 2g 40-1 a3(r)Bt/a^bt, En^ 3.9 
19 -2 -2 -^-2—' — 21.9 
20 -3 10.1 
21 -4 8.3 
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Table I7. (Continued) 
Mutable 
Bt/Total 
No, Plant no. Source Genotype Bt % 
1 2 3  4  5  
22 9 2513-3 Table 4, No. 36 ^ 36.9 
Mutable Bt kernels from 9 2513-3 are testcrossed 
23 0 2310-1 a 45.3 
24 -2 46.4 
25 -3 17.2 
26 -4 41.0 
27 -5 33.9 
Mutable Bt kernels from 0 2310-3 are testcrossed 
28 1 2308-3 a,™^^)Bt/a_bt, Eri^ 0 
29 -4 -^-2— — 1^3 
30 -6 3.5 
31 -7 2.3 
32 -8 1.1 
33 -10 0.8 
34 9 2513-8 Table 4, No. 36 I3.7 
Mutable Bt kernels from 9 2513-8 are testcrossed 
35 0 2313-1 a ^ 47.3 
36 -2 2 -^-2— — 48,6 
37 -3 45.2 
38 -4 44.9 
39 -5 0 
40 -6 47.4 
41 -7 0 
42 -8 46.8 
43 -9 28.7 
Mutable Bt kernels from 0 2313-1 are testcrossed 
W 1 2309-1 En'' 51.9 
45 -2 -2 -^-2— — 37.8 
46 —5 52.8 
47 -6 47.8 
242 
Table 17. (Continued) 
Mutable 
Bt/Total 
No. Plant no. Source Genotype Bt ^ 
1 2 3  4  5  
48 9 2523-1 Table 4, No. 52 âg^^^^Bt/a^Bt, 3.6 
Mutable Bt kernels from 9 2523-I are testcrossed 
49 0 2349-1 a ®(^>BVa,bt, En"^ 79.1 
50 -2 -'-2— — 83.2 
51 -3 90.6 
52 -4 86.8 
53 -5 81.1 
Mutable Bt kernels from 1 2349-1 are testcrossed 
54 1 2311-1 a bt, En^ 76.4 
55 -2 —'-2— — 86.8 
56 -3 80.1 
57 -4 73.8 
58 9 2523-6 Table 4, No. 52 En 31.2 
Mutable Bt kernels from 9 2523-6 are testcrossed 
a ®^^^^a-bt, En"^ 0 
-2 -"-2— — 44.1 
44.9 
1^:1 
0 
0 
0 
46.0 
58.6 
76.8 
3.0 
48.0 
77.5 
59 0 2354-1 
60 -2 
61 
-3 
62 -4 
63 
-5 
64 -6 
65 -7 
66 -8 
67 -9 
68 2355-1 
69 -2 
70 -3 
71 -4 
72 
-5 
2k3 
Table 17. (Continued) 
No. 
1 
Plant no. 
2 
Source 
3 
Genotype 
4 
Mutable 
Bt/Total 
Bt % 
5 
Mutable Bt kernels from 0 2355-^ are testcrossed 
V 
74 
u 
77 
78 
79 
1 2313-1 
-2 
-3 
-4 
Mutable Bt kernels from 0 2355-6 are testcrossed 
2Î 1 2314-1 
-2 
-3 
a^°^^^^Bt/a^bt, En^ 
50.6 
45.4 
,5.9 
47.3 
75.5 
62.7 
0 
80 
81 
82 
u 
ii 
9 2136-2 Table 2, No. 16 ^m(r-pa-pu)g^ 
§•2^» 
Mutable Bt kernels from 9 2136-2 are testcrossed 
0 4948-1 a,m(r-pa-pu)2t/ 
a-^, En^ 
-2  
-J 
Mutable ^  kernels from 0 4948-5 are testcrossed 
a m(r-pa-pu)^ 
^a«bt, En"^ 
87 1 2320-1 
88 -2 
89 -4 
90 -6 
91 2321-1 
92 -3 
93 04 
51.8 
39.2 
52.7 
41.3 
53.8 
48.9 
37.7 
40.0 
30.9 
11.1 
48.5 
50.3 
39.0 
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Table I?. (Continued) 
No, 
1 
Plant no. 
2 
Source 
3 
Genotype 
4 
Mutable 
Bt/Total 
Bt % 
94 9 2237-1 Table 2, No. 4 & m(r-pa-pu)g^ 
column 4 ^a^bt, En^ 
Mutable Bt kernels from 9 2237-1 are testcrossed 
109 
110 
111 
112 
-5 
2330-1 
-3 
-4 
28.0 
95 0 5414-1 a m(r-pa-pu)^ 
"^a^bt, En^ 
28.9 
96 -2 29.4 
97 -3 35.0 
98 -4 0 
99 -5 1.2 
100 -6 
Mutable Bt kernels from 0 5415-1 are testcrossed 
14.7 
101 1 2322-3 m(r-pa-pu)^ 
aobt, En^ 
14.6 
102 -4 18.7 
103 2323-1 0 
104 -2 13.9 
105 
-3 16.3 
106 2324-4 2.0 
Mutable Bt kernels from 0 5414-6 are testcrossed 
107 1 2329-1 m(r-pa-pu)^ 
^a_bt, En^ 
18.2 
108 -2 0.9 
0.8 
18.3 
21.6 
5.0 
2^5 
Table l?» (Continued) 
No. 
1 
Plant no. 
2 
Source 
3 
Genotype 
4 
Mutable 
Bt/Total 
Bt % 
Mutable Bt kernels from 1 2329-1 are testcrossed 
113 2g 41-1 a 13.4 
"^a_bt, En^ 
114 -2 "2— — 25.8 
115 -3 11.8 
116 -4 5.3 
117 -5 10.2 
Mutable ^  kernels from 1 2330-4 are testcrossed 
118 2 g 38-1 a ™(r-pa-pu)^ 9.8 
"^a.bt, En^ 
119 -2 -2 4.7 
120 -3 2.0 
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plants selected from the same parent testcross ear. 
In order to determine the effect of ear environment on 
En^ expression, reciprocal and tiller crosses of a^^^^Va^bt, 
En'^and a3^ r-pa-pu) gt/a^bt, En^ mutable progeny with the a^bt/ 
a^bt testcross parent are utilized in the third generation of 
progeny tests (Table 15)* Each mutable Bt progeny selected 
from the proceeding testcross is utilized in three different 
crosses: (a) main stalk ear parent, (b) tiller ear parent 
and (c) male pollen parent (main stalk tassel) to a^bt/a^bt 
testers. Forty-six plants are tested to determine if differ­
ences in En^ expression among the three different types of 
crosses exist. tests of heterogeneity (Table 15) indicate 
that 22 out of 4-6 plants tested do show significant differences 
in the nonmutable Bttmutable Bt kernels ratios in the proge­
nies of the different types of crosses. 
In testcrosses (28-39, Table 15) involving six a^°^^^Bt/ 
a^bt. En^ plants selected from the same parent testcross, 
reciprocal crosses demonstrate the effect of parental origin 
of Sn^. When each of the six plants is utilized as a pollen 
parent a less reduced expression results than when utilized as 
the female parent (main stalk ear). This is measured by the 
increased percentage of mutable Bt kernels in the a^bt/a^bt x 
Bt/a^bt, En^ testcross progenies compared to the per­
centage of mutable ^  progenies obtained in the reciprocal 
crosses "When these plants are used as female (main stalk ear). 
Also the mutable Bt kernels resulting from the a^bt/a^bt x 
24? 
En"^ crosses show a coarser pattern of muta­
bility, more nearly like the normal expression of in the 
presence of an active En.than the mutable ^  kernels resulting 
from the reciprocal cross. No female tiller ears were re­
covered with these plants. 
Testcrosses (2-7 and 10-12, Table I5) involve three 
Si^( ^)Bt/a^bt, En^ plants selected from the same 
a^bt, En^ parent testcross ear. In each of the resulting three 
testcrosses (a^^^^^Bt/a^bt, En^ x a^bt/a^bt), the tiller ear 
exhibits a less reduced expression of En^, indicated by a 
higher percentage of mutable Bt progeny and a coarser pattern 
of the mutable progeny, than the main stalk ear and the ear 
resulting from the reciprocal cross (a^bt/a^bt x a^^^^^Bt/ 
a^bt, En^). Testcrosses (100-107 and IIO-II5» Table I5) involve 
three a_™^ r-pa-pu) g^/a^bt, En^ plants from one parental test-
cross ear and two a_™(^^P*"P^^Bt/a_bt, En^ plants from a second 
testcross parent. In each of the resulting a_™(z^P*"P*)Bt/ 
a^bt. En^ x a^bt/a^bt testcrosses of these five plants, the 
tiller ear also exhibits a less reduced expression of En^ than 
the main stalk ear and the ear resulting from the reciprocal 
cross (apbt/a^bt x a^^(r-pa-pu)gt/a^bt, En^). In all the 
testcrosses shown in Table 15, in which comparisons are possi­
ble, tiller ears contain mutable Bt kernels with a mutability 
pattern as coarse or more coarse (more nearly similar to the 
mutability patterns shown by and in the 
presence of a fully active than the mutable Bt kernels of 
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the main stalk ear and the reciprocal ear (Figure 7). Dif­
ferences' other than these described probably exist but are 
too small or inconsistent to be detected with certainty. 
In order to test the transmissibility of these pattern 
types, mutable Bt kernels are selected from the progenies of 
two female tiller crosses (102 and 115t Table I5) and the 
corresponding female main stalk crosses (100 and 113* Table 
15) in addition to a single female main stalk ear (No. 23t 
Table 15) « In the resulting plants, only the main stalk ear 
is pollinated by the a^bt/a^bt tester. 
In crosses 1-4 and 17-21 (Table 16), a^m(r-pa.pu)^ 
a_bt, En"^mutable kernels selected from tiller ears (102 and 
115, Table I5) continue to show a near-normal expression of 
En^ with the ^ ni(r-pa-pu) allele in their testcross progenies, 
similar to that shown by the parent tiller ear, even though the 
testcross ears are recovered from the main stalk. This normal 
expression is demonstrated both by the ratio of mutable Bt: 
nonmutable Bt kernels in the progenies and the typical coarse 
pattern of mutation expressed by the allele in 
the presence of a fully active En in the mutable progeny 
kernels. tests of heterogeneity show the progeny plants (17-
21, Table 16) from one tiller ear (No. 102, Table I5) do not 
significantly differ among each other in their nonmutable Bt: 
mutable Bt ratios. The progeny plants (1-4, Table 16) tested 
from the other tiller ear (No. 115» Table I5) differ signifi­
cantly from each other at the .05 level but not at the .01 level. 
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Figure 7. The effect of ear environment on the expression of 
En^» Both testcross ears were recovered from the 
same Bt/a^bt, En^ plant. The kernels 
of the ear on the left, obtained from the main stalk, 
demonstrate a reduced expression of En^ with 
* "While the kernels of the ear on the 
right, recovered from a tiller stalk, exhibit a 
stronger expression of En^ with the 
allele 
250 
similarly, a.^^r-pa-pu)Bt/a^bt, En mutable kernels (5-7 
and 12-16, Table 16) selected from the corresponding parent 
main stalk ear continue to exhibit the altered expression of 
En^ in their testcross progenies, similar to that shown by 
the parent main stalk ears (100 and 113» Table 15) as indicated 
by the deficiencies of mutable Bt progeny. Also, 
a^bt. En kernels selected from a parent main stalk ear (No, 23, 
Table 15) continue to exhibit the altered En^ expression in 
their testcross progenies (8-11, Table 16), similar to that 
2 
shown by the parent. X tests of heterogeneity indicate that 
the sib mutable progeny (5-16, Table 16) from the same main 
stalk ears (23, 100 and 113, Table I5) do not significantly 
differ among each other in their nonmutable Bt:mutable Bt 
ratios. 
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DISCUSSION 
Control of the Allele 
The r-pa-pu) aiigig is a derivative of the original 
mutable allele, 1511), under control of the ^  system 
at the ^  locus (Peterson, I963, 2.968), This investigation 
has shown that the allele, in the presence of 
independently inherited expresses a mutable phenotype in 
the aleurone consisting of coarse purple, pale, and colorless 
sectors in a colorless background. In the absence of En, the 
^^m(r-pa-pu) allele expresses a uniform pale pigmentation. 
The effect of the i"-pa-pu) allele on the expression of 
plant color was not studied. 
The most widely accepted hypothesis for the mechanism of 
control of mutability at specific loci by two-element mutator 
systems in maize was originally proposed by McClintock (I95O)* 
She stated that a controlling element moves to a specific gene 
locus under the influence of a second component called a regu­
latory element or regulator. The controlling element at the 
gene locus suppresses the action of the structural gene result­
ing in a recessive phenotype until it "turns off" or is removed 
from the site qy the regulatory element, leading to a change 
in gene action. In the absence of the regulatory element, the 
controlling element remains suppressing gene action at the gene 
site. 
In single element mutator systems, the regulator is found 
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at the controlled-gene locus and is inseparable from the con­
trolling element. Such a system illustrates an autonomous 
type of control (Brink and Nilan, 1952; Smith, I96O), In both 
types of systems of control, the dominant allele of the struc­
tural gene under control is assumed to be present and not 
permanently altered (McClintock, 19518-; Brink and Nilan, 1952; 
Peterson, i960). 
The allele is under the control of the two-
element ^  mutator system since a separable regulatory element. 
En, can be identified» Peterson (I96O) designated the con­
trolling element that responds to Inhibitor (I), since this 
element suppressed gene action at the controlled-gene site. 
Since pale pigmentation is expressed in the aleurone and since 
the allele responds to the I element at the 
allele only partially suppresses gene action in the absence 
of In the presence of an active I completely suppresses 
gene expression until subsequent En-induced changes at the 
^m(r-pa-pu) allele cause I to release or partially release its 
suppression of gene action, resulting in sectors of purple and 
pale pigmentation in the aleurone. This differs from the 
^^m(r) alleles described by Peterson (I96I, I968) 
where, in the absence of En, I completely suppresses the action 
of the gene. 
The ^  effect on % is also reflected in changed forms of 
I which, though still completely suppressing gene action, are 
no longer responsive to En and appear as large colorless 
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sectors with no pale or purple sectors. Since the background 
of mutable kernels is also colorless, only early mutations re­
sulting in nonresponsive colorless sectors may be identified 
in the aleurone of a mutable kernel. 
The subsequent fate of I after the mutational events have 
occurred in unclear. Since the deep purple (Ag) mutant sectors 
do not respond to En. I may have been removed from the a^ site 
or pennanently altered at the site, thereby losing its ability 
to respond to ^  (Peterson, 1970a)• 
It is hypothesized that the pale sectors in the aleurone 
expressed by the allele, in the presence of 
result from mutational events induced by Bi. It could be 
argued that such sectors result from somatic loss of ^ during 
endosperm development since the allele, in the 
absence of has been shown to express a pale phenotype. 
Although occasional pale sectors may result from somatic Bo 
loss (KcClintock, 19$6o)t two observations are not consistent 
with this hypothesis to account for most pale sectors. Most 
pale sectors on mutable kernels are of darker pigmentation 
than pale kernels resulting from the expression of r-pa-pu) 
in the absence of Secondly, mutable kernels were found 
with small purple sectors completely surrounded by a larger 
pale sector. Since I only responds to the presence of En, and 
the I factor present in the genomes of these pale sectors re­
sponds by completely releasing gene inhibition resulting in the 
purple sectors, these pale sectors must contain En, 
254 
The a^m(r-pa-pu) allele which Is controlled by a two-
element system of mutability was derived from the 1511) 
allele (Peterson, I968), autonomously controlled by En. Peter­
son (1968) has demonstrated that the 1511) allele origi­
nated from an ^  allele following transposition of ^  to the 
a^ locus. The controlling element, I, was not present in the 
genome in which 1511) arose, although ^  was. Therefore, 
Peterson (I968, 1970b) concluded that a^^^^ 1511) arose "fcy in® 
sertion of ^  alone at the locus. Subsequent recovery of 
—2™^ types demonstrated the existence of a factor that re­
sponds to 1, Peterson (1970b) therefore suggested that En 
and I are part of the same entity; I is differentiated from ^  
its suppressive effect and I's inability to cause mutability. 
I is then considered to be a form or state of ^  that can 
originate from a standard En. 
The derivation of the ^™(r-pa-pu) allele from the 
a^®(l ^ 511) allele may have occurred in one or two steps. If 
the derivation occurred in two steps, an type may have 
been initially derived from the a^^^^ 1511) allele (Peterson, 
1968). Following this event, the allele was de­
rived from the allele by an En-Induced alteration of 
the I factor at the a^ site. Alternatively, the ^ni(i'-pa--p^) 
allele may have been derived from a^^^^ 1511) a single step 
as described for types (Peterson, 1970b) but resulting 
in a different I factor at the a^ site than that present in 
the types0 It is not possible to distinguish between 
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the one- and two-step alternatives. 
The r-pa-pu) allele In the presence of ^  may be 
hypothetically designated as ^  I" + ^  according to the 
terminology of Peterson (I96O). The I factor is designated 
I" because it differs from the 1 of and types 
which completely suppress gene expression in the absence of 
En, Another 1 factor, designated I', has been isolated in 
the pale green mutable system (Peterson, i960) which, as a 
part of the ppF° allele, only partially inhibits the normal 
green allele, Ppr, whereas the standard 2 completely inhibits 
the expression of the Pg allele (Peterson, I96O), 
In all mutable alleles of the ^  and Spm systems of 
mutability for which the inception of mutability has been 
identified, the initial control has been autonomous with the 
regulatory element, ^  or Spm, located at the controlled locus 
(Peterson, I96I, I968, 1970b; McClintock, 1951a, 1954, 1962). 
Two-element systems of control are subsequently recovered. 
In the Ac-Ds system, mutable alleles have arisen through 
transposition of the controlling element, Ds, alone to a gene 
site although must be in the same genome for transpositions 
of Ds to occur (McClintock, 1951a), After transposing to an 
active gene site, Ds suppresses gene expression until its 
ability to suppress is altered in response to ^  located else­
where. In these cases initial control of a gene Is under the 
two-element Ac-Ds system of mutability. 
However, cases of autonomous control of a gene locus by 
Ac alone have been isolated at the bz^ and wz loci (McCllntock, 
1956b, 1965a). Subsequently, two-element systems of control, 
consisting of a Ds-like controlling element located at the 
gene site and the regulatory element, located elsewhere, 
were recovered (McCllntock, 1956b, 1965a). 
The initial state of the r-pa-pu) allele in the 
presence of ^  was expressed by early (coarse) mutations to 
purple, pale and colorless. Subsequently, other mutability 
patterns dependent on the time (manifest in size of mutant 
area) and frequency (manifest In number of mutant areas) have 
been recovered. Many of these alterations (changes of state) 
occur as mutational events and are heritable. These patterns 
of mutability result from changes in state of both I" and En 
and are dependent upon the resulting interaction between En 
and I" (Peterson, I962). Altered patterns of 
expression which did not detectably change when the 
allele was in the presence of several, unrelated ^'s are 
assumed to result from changes in state at the r-pa -pu) 
allele, presumably involving I". Other altered patterns of 
mutability result from changes in En and these will be dis­
cussed in a later section. 
It is impossible to Isolate changes in state at the a^ 
locus that affected the expression of in the 
absence of similar to the class I states of the 
allele of the Spm system described by McCllntock (1958). The 
expression of the allele in the absence of ^  
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appeared to be influenced "by factors that may include color 
modifier genes, genetic background and environment. Test-
cross ears of a^^^ Bt/a^bt genotype often resulted in 
segregation of pale kernels expressing a wide variation in 
pigment intensity. Therefore, if changes in state did occur 
which affected the pigment intensity expressed by the 
—2^^^ allele, they could not be detected within the 
variability resulting from other factors. 
The control and expression of the allele 
exhibits many similarities to the allele of the Spm 
system (McClintock, 1958)o Both alleles express only uniform 
partial pigmentation in the aleurone in the absence of the 
regulatory elements and Spm)« Both alleles are suppressed 
in the presence of the regulators, located elsewhere in the 
genome, until mutations to or toward Ag expression occur; no 
mutations occur until gene suppression is complete. Altered 
patterns of mutability were recovered with each allele and 
germinal mutations occur which no longer respond to the regu­
latory element. However, no state analogous to the class II 
state of the allele where gene action is fully suppressed 
in the aleurone in the presence of the regulatory element, 5pm. 
and fully expressed in the absence of Spm, has been recovered 
for the allele. 
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Germinal Derivatives of the Allele 
Occasionally, colored kernels are recovered in testcross 
ears of plants of )st/a^bt, En genotype. None were 
recovered in the absence of ^ in the parent ear. Some Ag' 
derivatives contained therefore, these derivatives are 
no longer responsive. The presence or absence of ^ in the 
derivatives is assumed to depend only upon the random 
segregation of ^ in the parent testcross ear; has no 
control of the expression of alleles. 
The colored derivatives only originated from states of 
the allele which express a coarse (early) pattern 
of mutability. This suggests somatic purple sectors in the 
endosperm and colored germinal mutations may have a common 
origin. 
The Ag* alleles are recovered as single kernels on test-
cross ears. This occurrence suggests the mutational event 
(a^^^^r-pa-pu) ^ occurs near or at meiosis. Further 
support for the time of mutation being near meiosis is the 
recovery from (r-pa-pu) B^ag^, ^ testcross ears of 
mutable and colored kernels in which the embryo and endosperm 
differ in genotype. The embryo may be of A^'Bt/a^bt, En 
genotype and the endosperm of Bt/—/ —, En geno­
type and vice versa. Since heterofertilization (fertiliza­
tion of the egg and polar nuclei by sperm of two different 
genotypes) occurs at a low frequency (1-25^) and would require 
2$q 
two simultaneous contaminate pollinations, the most likely 
explanation for these kernel types is a mutation of 
to Ag* occurring during female gametophytic development "before 
fertilization, resulting in an egg nucleus of ^'Bt, ^ geno­
type and polar nuclei of a_™^r-pa-pu)^ sn genotype and 
vice versa. 
Only coarse alleles yield colored deriva­
tives although the populations utilized are too small to 
assure that alleles with a later mutability 
pattern did not yield colored derivatives. Among the coarse 
states of the allele, germinal mutations regularly 
occurred with some lines but not with others; however, it was 
not determined whether the basis for this difference resides 
at the r-pa-pu) allele or at the independent regulatory 
element, A frequency of approximately 1-3^ of 
r-pa-pu) ^ ^ « mutation was found among the 
alleles. 
The quantitative anthocyanin determinations of A^* kernels 
demonstrated that anthocyanin content was consistent with the 
visual distinctions among the A^* alleles which ranged from a 
dark pale to full A^ expression. Fincham and Harrison (I967) 
recovered a series of alleles derived from the mutable allele, 
•pallida-recurrens (sal^®®), in Antirrhinum majus which deter­
mined various levels of pigmentation. It was found that all 
these pal mutants produced the same anthocyanin (cyanidin 
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3-rutlnoside) in varying amounts. With the nonspecific method 
of anthocyanin measurement utilized in this study, it was not 
possible to determine whether the differences in anthocyanin 
content among the Ag* derivatives was due to varying amounts 
of the same specific anthocyanins as found in Ag aleurones, or 
to anthocyanin compounds not normally present in Ag kernels. 
Many of the derived A^' alleles recovered in this in­
vestigation have not been observed in natural populations. 
Other investigators have found similar results with other muta­
ble alleles in maize. Peterson (I96I, I968) recovered a 
sequential series of stable alleles derived from the and 
—2™^^ alleles that expressed a light pale to full ^  and 
Ag pigmentation and included phenotypic expressions not found 
in natural populations. Rhoades (19^1) recovered several 
alleles in the presence of Dt not previously reported at the 
a^ locus. 
McClintock (1949, 1951b) reported a mutable allele, 
under control of the Ac-Ds system which mutated to a 
quantitative series of alleles in the presence of These 
alleles could be distinguished by the amount of amylose starch 
each produced, which ranged from less than 1% of that produced 
by the dominant allele, to approximately the same amount 
as Intermediate alleles of the wx locus have not been 
observed in natural populations. These derivatives differed 
from the A^' derivatives recovered in this study since the 
wx alleles still responded to the presence of the regulatory 
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element and were stable only in the absence of Ac. 
The wide range of alleles derived from ^ii^Cr-pa-pu) 
other alleles under the control of mutator systems in maize 
offers potential opportunities to increase variability within 
the species. Controlling element systems have been recovered 
in natural populations of maize (Nuffer, 1955» Peterson, 196^, 
unpublished data) but whether they play a significant role 
in evolution remains to be determined. 
No effective screening technique for detecting mutations 
of ^ r-pa-pu) nonresponsive pale alleles in populations 
of ^r-pa-pu) En genotype is available since the 
desired nonresponsive pale mutants are phenotypically identical 
to the responsive pale kernels resulting from segregation of 
m (r-pa-pu) without En. However, one nonresponsive pale 
~2 — 
derivative of the allele was recovered in this 
Investigation, It was detected when plants from pale kernels 
selected from an a„^^ Bt/a.bt, En testcross ear were 
tested for response to All plants tested except one con­
tained the r-i)a-pu) allele and responded to The one 
exceptional plant contained a pale allele that did not respond 
to En. The pigmentation expressed by this allele is more in­
tense than that expressed by the allele in the 
absence of En. 
The frequency of germinal mutation of to non­
responsive pale alleles cannot be estimated due to the inade­
quate resolution of detecting them. However, since the 
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^m(r-pa-pu) expresses somatic purple, pale and color­
less sectors in the presence of ^ and also mutates germinally 
to nonresponsive colored and colorless alleles, it is assumed 
nonresponsive pale derivatives occur in a similar manner. 
To increase the resolution of detecting colorless deriva­
tives from ^m(r-pa-pu) ^ avoiding the contribution derived 
by crossing over between a^ and Bt, heterozygotes were con­
structed of A^Bt/a^^(r-pa-pu)^ En genotype. Since it was 
previously shown that only alleles having a coarse 
pattern of somatic mutability mutated to colored alleles (^') 
in the presence of it was assumed that coarse 
alleles in the presence of ^ would be more likely than other 
—alleles to mutate to colorless alleles and these 
were utilized in the A^Bt/a(r-pa-pu)gt, En heterozygotes. 
All the colorless derivatives definitively tested were 
nonresponsive to It is assumed that r-pa-pu) mutates 
to responsive colorless alleles at a low frequency or not at 
all. These nonresponsive mutants appear identical to the 
a^m(nr) and types recovered from the and 
alleles of the ^ system (Peterson, I96I, I968) and are also 
designated although it cannot be determined if they 
originated in an identical manner. 
The frequency of r-pa-pu) a^mCnr) mutations cannot 
be precisely measured. Only four ears of A^Bt/a^™(r-pa-pu)gt. 
En genotype were utilized in recovering the mutants 
in this investigation. Pour alleles of a total of 149 
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gametes i Z ,7%)  were recovered from the first ear, six of a 
total of 155 (3*9^) from the second ear, five of a total of 
124 (4.0^) from the third ear and three of a total of II3 
(2.7/^) from the fourth ear. This is lower than the average 
values obtained for (19^) and {12%) types 
derived from the a^™ and a^® alleles respectively (Peterson, 
1961, 1968). 
These are minimum values since 10 to 12 colorless kernels 
were selected from each of the A^Bt/a^^^r-pa-pu)gt. En ears, 
but not all of the resulting plants were tested. The inability 
to distinguish light pale kernels from colorless kernels pre­
vents a precise estimate of the frequency of to 
^m(nr) mutation that would be obtained by counting the number 
of colorless Bt kernels on testcross ears of a^™(r-pa-pu)gt/ 
a^bt. En genotype and subtracting the number of colorless Bt 
kernels expected from crossing over between a^ Bt, 
The rate of to mutation in the four 
A_Bt/a^™(r-pa-pu)Q-j-^ ears tested is greater than the fre­
quency of r-pa-pu) (1.3^ with some ^ni(r-pa-pu) 
alleles). Another observation is consistent with this result. 
In testcrosses of plants of a^"^^ r-pa-pu) gt/a^bt. En genotype 
containing a coarse a^ni(r-pa-pu) allele, large numbers of 
colorless appearing Bt kernels (20-30# of the total Bt progeny) 
often appear in the progenies with only one or two colored 
kernels. Large numbers of colorless kernels are not observed 
in testcrosses of alleles showing later patterns 
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of mutability. 
The fate of the controlling element, I", which is located 
at the ^^^(r-pa-pu) allele and responds to ^ "by affecting 
changes" in gene expression resulting in the colored, pale and 
colorless derivatives, cannot be determined. All germinal 
mutations tested are nonresponsIve to Therefore, I" in 
response to ^ may have been either removed from the a^ site, 
leaving It In various levels of impairment, or altered so as to 
no longer be able to respond to If I" does remain at the 
a^ site, it exhibits a wide range of ability to suppress gene 
action. With the a^Bi(nr) derivatives, I" continues to com­
pletely suppress gene action, while the alleles Indicate 
I" has been altered differentially, resulting In moderate to 
little if any suppression. Testcrosses of the colored deriva­
tives and the nonresponsive pale derivative provide linkage 
data that indicate that the a^ gene has remained at its 
normal location on the short arm of chromosome five. 
Altered ^ Activity 
Phase variation of regulatory elements in maize refers 
to changes in functioning of these elements from periods of 
activity to periods of inactivity or vice versa (Peterson, 
1966), The cyclic fluctuations of En^ activity studied in 
this investigation appear to be the result of an alteration 
of ^ Itself, En^ changed from normal activity to various 
levels of reduced activity. These altered ^  expressions are 
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inherited although En^- activity continues to change to higher 
or lower levels at a variable rate in subsequent generations. 
Reciprocal crosses revealed no conspicuous dosage effect of 
Other regulatory elements have been found to exhibit phase 
variation. A Sm element was described that changed from ac­
tive to inactive to active and then back to an inactive phase 
within a seemingly homogeneous mass of endosperm tissue 
(McClintock, 1958). These alterations of phase were inter­
preted to be autonomously controlled by Sm. McClintock (1964, 
1965a) also demonstrated that ^ could undergo changes in 
phase of activity from active to inactive and back to active. 
Other examples of phase variation have been found in 
•which the altered regulatory element was susceptible to tissue-
induced alterations of its expression. The active and inactive 
phases of crown) g^(flow) ^g^-e associated with specific 
areas of the kernel ; ifag active in the basal portion 
•while crown) active in the crown portion (Peterson, 
1966). 
Doerschug (I967) reported a new s^tate of Dt, designated 
g^ln-ac (Qotted inactive-active), which exhibited cyclic 
fluctuations of Dt activity. The element was fully active in 
the scutellum and initially inactive In the endosperm. Occa­
sional reactivations of Dt^^"*^® occurred In the latter tissue 
producing sectors of a^ mu^tablllty. 
It also has been shown that specific genetic factors may 
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influence the expression of regulatory elements. Dominant 
modifiers have been identified that increase the rate of muta­
tion induced by Spm (McClintock, 1965a) and decrease the rate 
of mutation of a^^ to induced by Dt (Rhoades, 1938). 
In this study it was demonstrated that different levels 
of En^ expression exist in kernels of ears developing from a 
tiller (side branch) and main stalk of the same plant. In 
many crosses, En^, which had shown a weak expression in the 
previous geneiration, exhibits a stronger, more near normal 
expression with both the and alleles in 
kernels of the tiller ear than the corresponding main stalk 
ear. In no crosses did the main stalk ears show a detectably 
stronger expression than the corresponding tiller ears. 
The consistency of these results in crosses argues against 
the possibility that an alteration of the En^ element early in 
plant development, resulting in cell lineages containing either 
a strong En^ or a weak En^, leads to the changed expression. 
According to this alternative, subsequent plant development 
would result in the tiller and main stalk primordia containing 
different En^'s and, consequently, there should be an equal 
probability that the stronger En^ is present in the tiller or 
main stalk ear. In this study the tiller ear always contained 
the stronger Sn^, 
A more likely explanation for the stronger expression of 
En^ in the kernels of the tiller ears is that the tiller or 
tiller ear provides an environment which is more conducive to 
2o? 
the expression of En^ than is found in the environment of the 
main stalk. It is further hypothesized that this En^ is in an 
unstable or labile condition possibly resulting from some pre­
vious mutational event. While in this labile condition, En^ 
is susceptible to environmental alterations that influence 
its level of activity. This is demonstrated by the various 
levels of activity demonstrated during this study. 
Although Identification of these environmental modifica­
tions cannot be determined, one interesting feature -was demon­
strated. Testcross ears from the main stalks of plants from 
mutable kernels selected from parental tiller ears of the 
previous generation still expressed strong En^ activity in the 
following generation, while testcross ears of plants from 
mutable kernels selected from the corresponding main stalk 
ears In the previous generation continued to express a weak 
En^ activity. Thus, it appears the tiller ear environment not 
only altered the expression of En7 but altered En^ itself 
since the change was inherited, 
McClintock (1965a, I967) has suggested that controlling 
and regulatory elements may be preset to produce a distinctive 
pattern of gene expression later in plant development. Usually 
these changes are not heritable and erased in the next genera­
tion. In one instance, a plant homozygous for ^ and Ds was 
used as a pollen parent in crosses to more than 20 plants that 
varied in their genetic background. On all ears produced by 
these crosses suid In almost all the kernels on each ear, a 
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modification of Ac, introduced by the pollen parent, occurred 
early in the development of the endosperm, McClintock con­
cluded that ^ in the nuclei of each pollen grain was already 
"set" to undergo such a modification immediately after fusion 
of one of the sperm with the polar nuclei. In the zygote 
nucleus formed "by fusion of the second sperm with the egg 
nucleus, the setting was erased. 
The modification of En^ induced by the tiller ear was 
not erased after one generation. Tests are currently in 
progress to determine if this modification continues to be 
inherited. 
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SUMMARY 
The general behavior of a mutable allele at the a^ locus 
in maize, designated a^^(r-pa-pu)^ and recovered as a deriva­
tive of the ag^(^ I5H) allele under control of the Enhancer 
system of mutability, is described. 
In the presence of the independent regulatory element. 
Enhancer (gi), the allele mutates to purple, pale 
and colorless sectors in a colorless background in the 
aleurone—hence, the designation the absence 
of En. a uniform pale pigmentation is expressed. The initial 
state of the allele, in the presence of was 
expressed a pattern of coarse (early) mutations. Subse­
quently, other patterns dependent upon the time and frequency 
of mutability were recovered. 
It is hypothesized that the allele arose from 
the autonomously controlled located at the a^ locus) 
^m(l 1511) allele by the transposition of En to a site away 
from the ^ locus, however, leaving a form or remnant of this 
En at the a^ locus which partially suppresses gene expression 
in the absence of This element is designated I" 
(Inhibitor) {1 completely suppresses gene action, I* is another 
form of I). In the presence of I** completely or partially 
releases its suppression. 
Colored, colorless, and pale germinal mutations of the 
allele were recovered. All derivative alleles 
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tested do not respond to ^ indicating I" has been altered or 
removed from the ag locus. 
Colored derivatives, designated only arise from 
coarse states of suggesting somatic and germinal 
mutations of the allele may be identical. The 
time of to Ag* mutation is at or near meiosis and 
occurs at a frequency of 1-3^» resulting in a sequential series 
of Ag' alleles expressing pigmentation ranging from dark pale 
to full Ag expression. The anthocyanin content of the kernels 
•was consistent with the visual distinctions among the A^* 
alleles. 
Germinal colorless derivatives, designated 
(colorless, nonresponsive), of the ^2^^r-pa-pu) aHele occur 
at a higher frequency than colored derivatives. 
Only one nonresponsive pale derivative was recovered. 
This is thought to reflect the difficulty in screening for 
such derivatives and not to their frequency of occurrence. 
En undergoes phase variation changing from periods of 
normal activity to various levels of lower activity that is 
expressed in a reduced ability to suppress the r-pa-pu) 
allele and in fewer and later mutations when present with 
a2®(^~P^~P^) and the responsive, allele. This altered 
En. designated En^ (En variable), was generally inherited al­
though En"^ activity changed to higher or lower levels at variable 
rates in subsequent generations, 
En «^ originally exhibiting a low level of activity. 
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expressed a higher level of activity in kernels of ears from 
tillers than in kernels of ears from main stalks of the same 
plant. These different levels of Bn"^ expression were inherited 
in the next generation in main stalk ears, suggesting Sn^ it­
self had been altered. 
It is hypothesized that En^ is in a labile or unstable 
condition and susceptible to environmental alterations that 
influence its level of activity and these alterations are 
inherited. 
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APPENDIX 
Table 18. Tests of ^ content of a^bt/a bt plants utilized as an En source, 
Grosses of a^bt/a^bt plants té an ^ tester (si^™ 
No. 
1 
Plant no, 
2 
Mutable 
3 
Color­
less 
4 
Total 
5 
Mutable 
Bt/Total 
Bt % 
—6 
X for nonmutable 
Bt:mutable Bt 
ségrégation of: 
1:1 1:3 
7 8 
Number 
of En in 
plant 
tested 
9 
1 0 2552-2 97 192 49.4 0.005ns 1 
2 
-3 69 32 101 68.3 2.066ns 2 
3 -12 43 44 87 49.4 0 ns 1 
4 2553-9 266 97 363 73.2 0.485ns 2 
5 -10 251 93 344 72.9 0 0 654ns 2 
6 2554-1 0 221 221 0 0 
7 -3 15 7 22 68,1 0.801ns 2 
8 -6 179 19 198 90.4 24,242** >2 
9 -10 201 82 283 71,0 2.177ns 2 
10 2555-3 122 113 235 51.9 0.272ns 1 
11 -6 185 169 354 52,2 0,635ns 1 
12 -8 103 110 213 46.5 1.013ns 1 
ip 5243-2 66 80 146 45.2 1.157ns 1 
14 5252-1 107 126 233 45.9 1.390ns 1 
15 
-5 0 258 258 0 0 
16 1 2531-4 24 40 64 37.5 3.515ns 1 
17 2532-2 0 84 84 0 0 
18 2533-1 218 197 415 52.5 0.963ns 1 
19 2534-3 48 2 50 96.0 10.666** >*2 
20 -4 83 74 157 52.8 0.407ns 1 
21 2535-2 5 8 13 38.4 0.307ns 1 
22 2536-3 0 155 155 0 0 
23 2537-3 0 288 288 0 0 
24 
-5 113 112 225 50.2 0 ns 1 
25 2538-4 73 73 146 50.0 0 ns 1 
26 2545-5 50 32 82 60.9 3.524ns 1 
